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Abstract 
Six field experiments were conducted on mustard at Aligarh 
during the "rabl" (winter) seasons of 1976-79. The objects 
were s (i) to select better yielding varieties under local 
conditions; (ii) to establish their optimal basal fertiliser 
requirements and (iii) to test the efficacy of foliar spray, 
applied to selected varieties grown at sub-optimal fertiliser 
levels, at various growth stages. The gist of the results 
obtained during this investigation is as followsJ-
(i) Among the popular varieties grown around Aligarh, 
Laha-101 was found to be much superior to Peeli Sarson. 
Out of ten newly evolved varieties, R.L-18 and T-16 
were found to be better yielders at lower fertiliser 
level (N4oP20^ wliereas B,R«40t T-11 and Varuna could 
be profitably grown only at higher fertiliser 
level (N 6 0P 4 0). 
(ii) Foliar sprays of nutrients at proper growth stages 
of Laha-101 were found to enhance the final yields 
•»2*" 
significantly* When adequate nitrogen (60 kg N with 
40 kg PpOe or 40 kg N with 20 kg ?2°5^ was S i v e n 
basally, a small dose of 2 kg/hectare each of S and 
P 2 0 5 increased the final oil yields upto as »uch 
as 46 per cent. 
(iii) Nitrogen sprays were generally found to enhance seed 
yield but as they depressed the oil percentage in 
seeds, they were profitable only in those cases 
where decrease in oil percentage was compensated 
by increased seed yield, 
(iv) At the lower basal fertiliser level ( N A Q P O Q ^ * "fclle 
leaf-applied nutrients gave higher per cent increase 
over control in all the parameters studied as 
compared to the values given by the same spray at 
higher basal level, 
(v) It was found that sprays were more effective if they 
were applied at later growth stages (particularly at 
70 and 90 days after sowing)* 
(vi) Lastly, it was noted that foliar sprays of nutrients 
are economically feasible on two grounds. First, 
they reduce the cost of fertilisers as much lower 
quantities are sufficient for optimal yields. Secondly, 
as mustard suffers heavy aphid infestations during 
3-
later growth stages (at which response to 
nutrient application was optimum) the application 
of nutrients alongwith insecticide would he a 
ntwo~in<#onew operation, requiring very little 
additional expenditure. 
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INTRODUCTION 
CHAPTER - 1 
I N T R O D U C T I O N 
Although India has not yet attained self-sufficiency tn 
food grain production, the problem has been rendered less 
acute by the wide application of the new agricultural 
technology* However, the problem of providing a nutritionally 
balanced diet is still very serious as a vast majority of the 
people do not even get an adequate calorie intake* The 
annual per capita consumption of edible oils has declined 
from 3*4 kg in 1958-59 to 3 kg whereas* according to the 
Indian Council of Medical Research, the per capita 
nutritional requirement is 20 kg per annum* This poor 
intake is the direct result of high cost due to short 
supply of the oilseeds* 
India is facing an "edible oil crisis* as the production 
of oilseeds has remained almost stagnant during the last two 
decades* Of late, the crisis has worsened considerably due 
to the increasing gap between demand and supply* To 
partially cover this gap, the Government is forced to import 
regularly between 0.15 and 0,2 million tonnes of vegetable 
oils and fats every year* During the entire period of the 
Fourth Five Year Plan (1969-1974), the import bill for 
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vegetable oils and fata totalled Rs. 1f4l0 million. Showing 
a further deterioration in the situation, In 1979 the short 
fall of oilseeds was one million tonnes and by 1985-86 the 
country would have to import at least 1,7 million tonnes of 
edible oil. On an annual basis (November, 1978 to October, 
1979)» the production of edible oils was estimated as 2,7 
million tonnes against a demand of 3.5 million tonnes and 
an alarming sum of fts,600 crores in foreign exchange was 
earmarked to fill the gap through imports. Such a 
continued drain on foreign exchange would have its own 
crippling impact on our already fragile economic structure 
and, obviously, the situation warrants immediate remedial 
measures (Anonymous, 1978), 
Considering the acute shortage of edible oils and huge 
import bills,one is inclined to get the impression that 
probably sufficient attention is not being paid to their 
cultivation. Encouragingly, however, such is not the case. 
As a matter of fact, oilseeds occupy a prominent position 
in the agricultural economy of India as they rank next to 
food grains. Out of the five ma^or oilseeds cultivated in 
this country (castor, groundnut, linseed, mustard and 
se-;same), mustard occupies a position second only to 
groundnut in terms of both area and production. Besides, 
India ranks first in mustard production, accounting for 
30?a of the total world production. It is, therefore, 
"»3— 
obvious that the flaw lies elsewhere, Inspite of the area 
and production being more than in other countries, the 
average yield of oilseeds in India is the lowest in the world 
at 736 kg per hectare against, for example, 1615*38 kg in 
Nigeria, 1474.58 kg in the United States, 1153.49 kg in 
Argentina and 1148#55 kg in China (Anonymous, 1978). 
Considering these facts iand figures, one is justified 
to say that the responsibility for improving the situation 
lies squarely on the shoulders of researchers. It has 
become imperative for agricultural policy makers and research 
workers to bring about a rapid breakthrough in oilseed 
production so as to achieve the eluding target of self-
sufficiency. 
As has been mentioned, the acreage under oilseeds in 
general and mustard in particular is enough. Moreover, 
due to rapidly increasing urban and industrial encroachment 
on the one hand and higher priority of food grain production 
on the other, not much can be done to bring more land under 
oilseed cultivation. The only alternative would be to 
concentrate on enhancing the per hectare yield and thus to 
exploit the limited resources fully. The first obvious 
approach in this direction is breeding of high»ylelding 
varieties. Fortunately, our geneticists have already taken 
up the challenge and their hard work and patience has been 
rewarded considerably in recent years. More important is the 
«*£$«* 
fuller essploitation of the genetic potential of the available 
varieties by determining their optimum requirements of inputs., 
including fertiliser, for various agro-climatic regions. 
However, it is common knowledge that, through ignorance, the 
illiterate and poor farmer often does not apply the full 
recommended dose of fertiliser due to its prohibitive cost 
much to the detriment of final yields, therefore* it is in 
the national interest to evolve and introduce new techniques 
of fertiliser application to save the situation* One of the 
more promising modern methods of fertiliser economy coupled 
with better yield is foliar fertilisation* At Aligarh, this 
technique has been found useful for a number of crops 
(Samiullah 1971? Afridi and Samiullah, 1973f Khallque, 1975 j 
Qaseem, 1975} Samiullah and Afridi, 1975f Afridi gt aj,*, 1 9 7 % 
Afridi et al#, 1977j Inam, 1978 and Qaseem gt a^., 1978) 
including some preliminary work on mustard (Naqvi, 1976| 
Afridi et, al., 1976,a and Maqvi gt al*, 1977)* 
In view of the gravity of the situation and encouraged 
by the earlier success with mustard variety Laha_101 
mentioned above, it was considered appropriate to undertake 
a detailed study with a view to select better yielding 
mustard varieties under local conditions and to establish 
their optimal basal fertiliser doses. It was further decided 
to explore the possibility of obtaining reasonably good 
yields in one or more of the selected varieties grown 
-5* 
with sub-optimal basal doses by applying supplemental foliar 
sprays at proper stages of growth for the benefit of the 
farmer with limited resources. 
With these aims and objects in view, the following six 
field experiments were conducted between 1976 and 1979 to 
studyj 
1» The effect of five combinations of basal nitrogen 
and phosphorus on yield and yield attributing 
characters of two locally popular mustard varieties, 
Laha-101 and Peeli Sarson. 
2« The effect of various combinations of leaf -applied 
nitrogen, phosphorus and sulphur in the presence of 
two doses of soil-applied nitrogen and phosphorus on 
the yield and yield attributing characters of Laha-101• 
3 and 4, The effect of leaf-applied nitrogen, phosphorus 
and sulphur, in various combinations, on yield and 
yield attributes of four selected varieties namely 
(1) B.R-40, (2) Laha-101, (3) T-11 and (4) Varuna, 
applying the optimum basal dose in Experiment 3 and 
a lower one in Experiment 4. 
5* The best combination of growth stages for foliar 
fertilisation with nitrogen, phosphorus and sulphur 
(in various combinations) with regard to the yield 
and yield attributing characteristics of Laha-101• 
-6-
6. The basal fertiliser requirements, under local 
conditions, of ten newly evolved higa-yielding 
mustard varieties namely (1) Appressed Mutant, 
(2) B-85, (3) B.R*40, (4) K. Amphidiploid, 
(5) Patan-21, (6) R.L-18, (7) R#S-3, (8) T-11, 
(9) T-16 and (10) Varuna. 
The statistically analysed data of these experiments 
and the conclusions drawn from them, discussed in the 
light of the publications of other workers, are presented 
in this thesis* 
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CHAPTER - 2 
REVIEW OF LITERATURE 
2*0 Inorganic Plant nutrition 
2,1 /Historical 
/ The term mineral nutrition is generally used to refer 
to an inorganic ion obtained from the soil and required for 
plant growth. The practice of application of materials 
such as wood ashes, plant tissue debris, farm-yard manure, 
ground bones and compost to soils to increase their 
productivity is probably as old as agriculture itself. The 
true role of the soil in plant growth was established by 
de Saussure who in 1804 laid the foundations of scientific 
research on plant nutrition* Others who contributed 
extensively to this important discipline in the nineteenth 
century included Lawes, Gilbert, Bou*singault» Liebig, Sachs 
and Knop, Their efforts helped not only in the development 
of reliable field and laboratory techniques that led to 
outstanding discoveries in the present century but also in 
the adoption by farmers of sound agricultural practices, 
Including the application of inorganic fertilisers, for 
improved yields (Reed, 1942; RusseM, 1950} Bould, 1963). 
2*2 KPK and S in plant nutrition 
2,2,1 Historical 
So one knows when or where the practice originated of 
-8» 
burying a fish beneath the spot where a few seeds of com 
were to he planted, hut it was common among North American 
Indians when Columbus discovered America and is evidence 
that the value of fertiliser application was known to 
primitive people (Anonymous, 1977)* Farm manures were In 
common use by the Romans and have been utilised almost from 
the time animals were first domesticated and crops grown. 
It was not until centuries later, however, that animal 
excreta were supplemented by mineral £or&B of calcium, 
phosphorus,potassium and nitrogen* 
According to Russell (1950), the requirement of nitrogen 
for plant growth was known as early as 1750, However, it 
* 
was only about a century later that responses to soil 
application of nitrogen were observed at Rothamsted 
Experimental Station in England* Phosphorus requirement of 
plants was first established independently by Liebig (0339) 
in Germany and Lawes (1$40) in England, While working with 
oats in water cultures, Birner and Lucanns gave the first 
proof in 1866, that potassium is indispensible for flowering 
plants and can not be replaced by other metals of that 
group. That sulphates are necessary for plant growth, was 
known from the time of Liebig whereas the work of Birner 
to 
and Lucanns referredAabove emphasised the superiority of 
sulphates over other sulphur compounds (Reed, 1942). 
Rational use of these inorganic fertilisers began 
about the middle of the last century* Liebig published 
-9-
0Chemistry and its application to agriculture and physiology" 
in 1840, which led to concepts for modifying the soil by 
fertilisers and other amendments. These substances soon 
became the focus of crop research, In 1842, Lawes obtained 
a patent for manufacture of superphosphates and introduced 
chemical fertilisers to agriculture (Russell, 1950), As 
research progressed, crop responses to levels of phosphate, 
lime and potassium were worked out, but nitrogen nutrition 
remained puzzling due to Lieblg's insistence on a major 
role for atmospheric ammonia. The nitrogen problem was 
further clarified in 1886, when Hellrlegel and Wilfarth 
reported that root nodules and their associated bacteria were 
responsible for the peculiar ability of legume plants to 
use atmospheric nitrogen (Bould, 1963). These findings 
collectively allowed rational decision-making regarding 
nutrition of crop plants and were understandably very 
significant In increasing crop productivity, 
2.2,2 Physiological role 
Nitrogens A study of the role of nitrogen is tantamount 
to a study of plant biochemistry. It is the fourth most 
abundant element in plants, following carbon, hydrogen and 
oxygen. Absorbed mainly as nitrate, it is reduced and 
incorporated into organic compounds (Bandurski, 1965} Beevers 
and Hageman, 1969)* It Is a constituent of many compounds 
10-
ln plants including amino acids, nucleotides, coenzymes and 
proteins. All enzymes that have been isolated, purified and 
characterised are proteins in nature. As a constituent of 
proteins, enzymes and chlorophyll, nitrogen is involved in 
all processes associated with protoplasm. 
Phosphorus*- Phosphorus is mainly absorbed by plants 
as the dihydrogen phosphate ion, HgPO^, It is one of the 
three quantitatively prominent nutrients which are absorbed 
as complex anions, the other two being nitrogen (as nitrate) 
and sulphur (as sulphate). Phosphorus is a constituent of 
many compounds in plants. As a constituent of nucleoproteins 
it is concerned with cell division and transfer of hereditary 
characters by the chromosomes. It is a constituent of 
phospholipids and one of these, lecithin, is believed to be 
present in cell membranes and is thus of universal ocourrance 
in all living cells (Devlin, 1974), Special H+ carriers, 
nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine 
dinucleotide phosphate ( NADP) are nitrogen compounds 
concerned with H* transfers that occur as steps in 
Krebs cycle, glycolysis and the pentose cycle (Thomas ejb al,, 
1973)» It is also a constituent of the unique, high-energy 
compounds, including ADP and ATP, A considerable portion 
of the energy liberated by respiration is stored 
within cells as high energy phosphate bonds in these compounds 
which provide energy for synthesis of such vital compounds 
as sucrose, starch and proteins ( Salisbury and Ross, 1974), 
-11-
Phosphate participates directly in the photochemical 
events of photosynthesis; in fact, carban dioxide assimilation 
is dependent on a preceding phosphate assimilation resulting in 
ATP formation at the expense of light energy (Araon, 1959). 
Phosphorus is a constituent of pyridoxal phosphate, a 
coenzyme for transamination systems (Green et al,.,1945s 
Lichstein et al»91945)« Phosphorus is also a component of 
sugar phosphates, phytic acid and other compounds in plants 
(Evans and Sorger, 1966), 
Potassium?- Potassium is the only monovalent cation 
essential for all plants and cannot be completely replaced 
by other chemically similar elements like sodium or lithium 
(Nason and McElory, 1963). The principal role of potassium
 v 
is that of an activator of numerous enzymes, Evans and 
Sorger (1966) have listed 46 enzymes from animals, higher 
plants and microorganisms which require monovalent cations 
for maximal activity. Although most plants require relatively 
large amounts of potassium (Ulrich and Ohki, 1966$ Evans and 
Sorger, 1966 j Kilmer et al». 1968), no one has Isolated a 
potassium containing compound from plants. Potassium appears 
to be completely water soluble in plants. 
Though in the earlier literature a relationship of 
potassium to starch formation was suggested, it has been 
more firmly established by recent investigators (Greenberg 
-12-
and Prei&s, 1965; Evans and Sorger, 1966; Akatsuka and Nelson, 
1966; Preiss and Greenberg, 1967s Nltsoa and Evans, 1968, 
1969). 
Potassium has also been shown to be essential for 
glycolysis, oxidative phophorylation, photophosphorylation and 
for adenine synthesis (Evans and Sorger, 1966), Potassium 
appears to play a role in translocation also, since a 
deficiency of potassium decreased translocation of labelled 
photosynthate from leaves to other portions of sugarcane 
plants (Hartt, 1969K A role of potassium in the opening of 
stomata has also been suggested (Fischer and Hsiao, 1968; 
Humble and Hsiao, 1969). 
Sulphuri~ Sulphur is absorbed mainly in the form of 
sulphate ions which are reduced in plants and incorporated 
in organic compounds (Bandurski, 1965; Thompson et al,.,, 1970). 
Apparently, all plant proteins have S-containing amino acids 
cysteine, cystine and methionine, but their significance in 
plants has not been fully elucidated. Sulphur is a component 
of lipolc acid, coenzyme A, thiamine pyrophosphate, biotin, 
adenosine-5*phosphosulphate (APS) and 3-phosphoadenosine-5-
phosphosulphate (PAPS), and other compounds (Salisbury and 
Ross, 1974), 
Volatile compounds containing sulphur contribute to the 
characteristic odours given off by onions» mustards and 
other plants. The mustard oil glycosides, of which sinigrin 
-13-
ls perhaps the best known, also contain sulphur. Sulphydryl 
groups have been shown to he necessary for the activity of 
an appreciable number of enzymes. That sulphur is also 
directly involved in electron transport has been demonstrated 
by the characterisation of glutathione reductase (Conn and 
Vennesland, 1951$ Mapson and Goddard, 1951). 
2.3 Foliar application of nutrients 
The, application of fertilisers to the soil is the oldest 
technique of augmenting and improving its nutritional status. 
It was practised from the dawn of agriculture when the 
pioneers realised the significance of soil enrichment for 
better yields in their attempt to cultivate plants under 
conditions favourable to the plant and beneficial to the man, 
and to demarcate "plant cultivation9 from "plant growth" 
under natural and unaltered environmental conditions. 
Fertilisers may be added to the soil either at the time 
of sowing (basal application) or at a later growth stage of 
the standing crop according to the need. However, the quest 
for a better alternative and the human spirit of inventiveness 
succeeded in discovering the novel technique of foliar 
fertilisation. 
Foliar spray is a new innovation in the method of crop 
fertilisation and its discovery has thrown open the doors on 
the novel technique of applying fertiliser through foliage. 
•14-
Although nutrients were not generally administered to leaves 
of terrestrial plants, it has long been known that they are 
readily absorbed by leaves of most species. Forsyth was 
probably the first to use this method of fertilisation in 
tS03 {Bould, 1963). According to Wittwer and Teubner (1959,)# 
the first report on this technique was published by Gris in 
1844,. But it remained confined mostly to the use of 
micronutrlents for the correction of certain well established 
deficiency symptoms* It thus failed to gain the popularity 
it deserved and escaped the attention of agriculturists 
until the second world war when several factors, including 
high cost of fertilisers! helped in its fuller esgiloltation. 
The effectiveness of foliar nutrition depends on the 
ability of nutrients first to penetrate through the outermost 
plant surface, the cuticle, and the outer cell walls of 
epidermal cells and secondly to be transported beyond the 
epidermal cells. The penetration of leaf cuticles by various 
substances depends on many factors Including, among others, 
the nature of the substance, lipohillc constituents, 
temperature, concentration, relative solubility in organic 
solvents and species of plant. Mitchell et al.. (1960) 
concluded that hydrated cuticle is permeable to a degree 
to water and to dissolved compounds associated with this water, 
and highly permeable to non-polar compounds. 
Ectodesmata (plasmodesmata) may provide the pathway for 
transport of substances from the outside to the interior of 
15-
tlssues, and vice versa, as reported by Franke (1961). He 
observed that leaf structures such as guard cells, anticlinal 
walls, and epidermal cells adjacent to leaf veins contain 
large number of ectodesmata, while in neighbouring cells 
these may be few in number or lacking altogether. Later, 
franke (1964) stressed that stomatal pores do not function 
as "gateway" for the entry of solution, but that guard 
cells do so by virtue of the ectodesmata so characteristic 
of these cells. 
High humidity has also been found to increase the 
foliar absorption of maJ^ ic hydrazide (zukel et al. 1956) 
and urea (Volk and McAuliff, 1954). Franke (1967) also 
reported that the rate of penetration of urea exceeds that 
of ions by 10-to 20-fold and that the rate of entry of urea 
is independent of concentration. ae concluded that urea is 
a promoter of permeability and hence other ions applied 
together with urea are also promptly absorbed. 
Substances can not only enter leaves, but they can also 
be lost by leaves through leaching (Mecklenburg and Tukey, 
1964). It has been proved that inorganic and organic 
) metabolites may be leached from above ground parts of plants 
by rain, dew and mist (Tukey et al., 1958} Tukey and Tukey, 
1962$ Tukey, 1970). 
\ 
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Foliar feeding has many advantages over soil application. 
The major ones ares 
1, When applied to soil, a part of the fertiliser is 
usually rendered useless for the crop. Rapid 'fixation1 
of nutrients such as boron, copper, iron, magnesium, 
phosphorus and zinc in soils makes them unavailable to the 
crop and is of common occurrence, A simple remedy for such 
losses creating a Bhidden hunger11 in plants is the application 
of appropriate nutrients to the leaves in the form of dilute 
sprays applied to standing crops (Silberstein and Wittwer, 
1951; Bould, 1963). 
2, Another problem is slow response of the plant to 
soil application of nutrients and need for a temporary 
method of control of deficiency during the period before 
the soil treatments take effect. As an example the common 
use of Epsom salt sprays on apple trees to check magnesium 
deficiency may be cited here. The soil application of lime 
and magnesium salts takes about three years for commercial 
control of magnesium deficiency. Foliar feeding with Epsom 
salt temporarily controls the deficiency during this period. 
The use of foliar sprays as an emergency treatment to check 
deficiencies of nutrients helps to avoid heavy and otherwise 
inevitable losses. Such type of an emergency use has also 
been made of boron sprays on apples (Silberstein and 
Wittwer, 1951; Boynton, 1954; Bould, 1963). • 
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3. Some crops remove large quantities of fertilisers 
during early vegetative growth and need fertiliser 
supplements at later stages when soil application is not 
easily feasible• In sugarcane and some other crops, 
nitrogen supplements are sometimes needed and the main 
interest in urea sprays Is due to the fact that soil 
application of fertilisers is impractical during the final 
period of crop growth (Boynton, 1954). 
4. The micronutrlents which are needed by the crop in 
very small amounts are the best bet for foliar application 
provided they are not immobilised in or near the leaves to 
which they are applied. Boron and copper compounds seem 
to be readily absorbed and transported in all the crop 
plants investigated thus far* and one or two dilute sprays 
give satisfactory responses in a single year (Boynton, 1954), 
5. It.is usually observed that, to achieve a certain 
nutritional status for optimum yields, the amount of a 
nutrient required for foliar sprays is considerably less 
than when the same nutrient is applied to the soil. Foliar 
sprays thus prove economical particularly when compared to 
other techniques of supplemental fertiliser application, e.g., 
top dressing. The extra cost of spray equipment and 
application could also be discounted in view of modern farm 
management techniques wherein pest control by spraying and 
dusting is an integral part. Thus the nutrient spray, in 
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fact, (jets a •free rid©0 with the pesticides used 
(Silboretein and i/ittwer» 1951J 3©uldt 1963). 
6. Finally, foliar feeding is advantageous over soil 
application under hilly conditions and where soils are 
sandy and porous or highly alkaline, acidic or water logged 
(Anonymous, 1971| Anonymous, 1973)• 
the uptake of nutrients by foliage does not see® to 
be an altogether unnatural phenomenon. Changes in colour, 
conpositlon, growth and yield of various organs of plants 
following foliar spraying suggest ready uptake of the applied 
nutrients and translocation from the leaves* This fact has 
been further established with the help of tracer technique. 
It Is an "active" process dependent on temperature, light 
and oxygen* Some nutrients like calcium, nagnesium, 
oanganeset nitrogen potassium and 2inc, are absorbed very 
rapidly* while others like iron, oolybdenua, phosphorus 
and sulphur are absorbed slowly (uittwor, 1964), 
2»* fofffraffl;group. 
Under the none rape-seed and custard several oilseeds 
belonging to the family Cruoiferae are grown in India, 
fhey are generally divided into four groupst 
1, "Hal (Rays or Laha)fl- Brassies .luncea (U) Czera, 
and Cess* 
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2, nSarson" (i) Yellow "Sarson0- B. campestrls L,, 
var, Sarson Prain 
(li) Brown '•Sarson"- B, campestrls L«, 
var. dichotoma Watt. 
3* Torla ("Lahi or Maghl Labi")- B, campestrls U , 
var. torla Duth, 
4, Taramlra or Tara- Eruca satlva Lam. 
wBanarsi rai" (Brasslca nigra Koch), 
which does not fall in any of these four groups* is a garden 
crop used as a spice. However, it does not contribute 
much to the supply of mustard oil (Anonymoust 1967). 
In trade, sarson, torla and taramlra are known as 
rapeseed and rai as mustard* The name rape is derived from 
Latin "rapus" meaning turnip to which these plants are 
closely related, Rai and yellow sarson are self-fertile 
and the rest of the cruciferous oilseeds viz, brown sarson, 
torla, taramlra, Banarasi rai and white mustard are self-
incompatible. 
The genus Brasslca consists of over 150 species of 
annual or biennial herbs. These plants are the natives of 
the north temperate 2one, but pass into the sub-tropics 
and tropics as cold weather crops. There appear to be three 
great centres of origins (1) Europe, (11) Central and 
Southern Asia and (iii) China, B* .juncea found its way 
into India from China through a north-eastern route and 
-2Q~ 
its migration was independent of any Aryan incursion 
(Frain, 1898 ; Appelqvlst and Ohlson, 1972). Sinskaia (1928) 
has shown that the native country of *rai* is Asia, the 
centre of diversity of forms being China. VaviXov and 
Buknich (1929)# after making a comparative study of various 
Afghanistan mustards, concluded that B* .juncea found its way 
into Afghanistan from India. How Banarsi rai or table mustard 
(!• ftigra Koch*) was introduced into India, is not known* 
But in the West it was well known to the ancients. According 
to Watt (1908) it was mentioned by Theophrast&s, Dioscorides 
and Pliny and it has been cultivated as an article of food 
in Europe since the thirteenth century. Its essential oil 
was first noted in 1660. 
The crop is grown both in sub*tropical and tropical 
countries. In Asia it is chiefly grown in China, Japan 
India and Pakistan. It is also grown in Europe and America 
but the forms grown there are different from those 
cultivated in India which occupies first position both with 
regard to area and production of rape mustard in the world 
(Anonymous, 1967)* ?he average annual area and production in 
India are about 3,428,000 hectares and 1,692,000 tons 
respectively (Anonymous, 1975). The chief rape-seed mustard 
producing states in India are Assam, Bihar, Madhya Pradesh, 
Orissa, Punjab, Rajasthan, Uttar Pradesh and West Bengal. 
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2,4.1 Main uses 
Mustard oil, the fatty oil from oleiferous brassicas, is 
the principal edible oil of northern India. The oil content 
of the seed of different forms varies from 30 to 48 percent 
(Anonymous, 1967} Anonymous, 1977). 
The crude oil is dark brown in colour and is generally 
refined by treating with sulphuric acid. The refined oil, 
which is yellow in colour, is used mainly for eating 
purposes as salad and cooking oil* Hydrogenated rape-seed 
oil is used for the preparation of butter substitutes* 
Inferior qualities are widely used in lubricating and cutting 
oils, in the manufacture of soap and for illumination 
purposes (Vaughan, 1970} Anonymous, 1977)* 
2.4.2 Subsidiary uses 
Erucic acid, present to the extent of 20-45$ in rape 
oil, can serve as a substitute for olein in floating agents. 
Besides, ozonising splitting of erucic acid yields 
brassylic acid and pelargonic acid which have a technical 
significance, giving, by hydrogenation under pressure, a 
product suitable for synthetic waxes and lubricants 
(Appelqvist and Ohlson, 1972). 
2.4.3 Secondary and waste products 
Rape-seed and mustard meal or cake contain about 
25-3lf% protein (Attschui, 1958; lowland ejb a].. 1965} 
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Appelqvist and Ohlson, 1972). It is an acceptable component 
of protein supplements for all species of livestock and 
poultry* It Is often used In compound cakes and as a 
manure (Bowland et a^. 1965). 
The leaves of young plants are used as a green 
vegetable and the plants are often used as a green fodder 
for cattle (Anonymous, 1977). 
2*5 Fertiliser requirements 
Among the indispensible plant nutrients, more work has 
been done on nitrogen, phosphorus and potassium than perhaps 
on all the others put together. These macronutrients are 
required by plants in large quantities and crops readily 
deplete the soil of these nutrients necessitating their 
regular replacement in the form of manures and fertilisers 
(Russell, 1950)* For oil.seeds, sulphur has a special 
significance as, in addition to its normal role in aminoacld 
and protein metabolism, it constitutes a major part of the 
essential oils that give these crops their characteristic 
odour (Hewitt, 1963). 
In the following pages, an attempt has been made to 
compile the more important findings, particularly of Indian 
workers, regarding the requirements of these major elements 
by the common oilseed crops, among which the pride of place 
goes to mustard because of the traditional importance it has 
acquired through the ages. 
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2*5*1 Nitrogen fertilisation of oilseeds 
The beneficial effects of nitrogen, added to fields 
in the form of organic manure, are known to farmers from 
antiquity* In the last century, Boussingault, Lawes and 
co-workers, de Saussure and Ville helped to establish the 
importance and indispensibility of this macronutrient on 
scientific lines (Reed, 1942). A variety of agricultural 
crops were subjected to agronomic trials by subsequent farm 
workers and optimal doses were worked out. 
2.5*1«1 Effect on growth and development 
Like most other crops,mustard show; a positive response 
to nitrogen application as regards growth, for example, a 
significant increase in dry matter production In brown 
sarson has been reported by Majumdar (1962) and in rai by 
Jana (1963) and Lahiri (1964). Maini et a£. (1965) also 
reported a similar increase in dry matter production with 
M application. Sinha (1969) reported that the application 
of nitrogen to yellow sarson (B. campestrls) was very 
effective in promoting all growth and yield contributing 
factors. He observed visible differences In growth and 
development due to nitrogen fertilisation. More recently, 
Allen and Morgan (1972) characterised their findings in 
experiments aimed at determining the effect of N on the 
growth of oilseed rape. They observed that the crop growth 
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rates were Increased by the application of N and reached 
their highest levels during the period of pod development 
when the leaf areas had declined to very low levels. 
Despite the key role of nitrogen in the growth and 
development of the crop, not many references are found in 
the literature on this aspect. Most workers have 
concentrated on the yield and yield attributing characters 
of the crop, presuming that the economic yield of the 
crop is directly related with its vegetative growth and 
development* This is not altogether hypothetical as 
some workers have obtained high correlations between 
vegetative growth and seed and oil yields. Thus, the 
findings of Singh et al. (1965) and Shivahare et al. (1975) 
with B. .juncea and Campbell and Kondra (1978) with 
B. napus clearly support this. 
2.5.1.2 Effect on seed yield 
Beneficial effects of nitrogen application in 
enhancing the yield characteristics of mustard and other 
oilseed crops have been observed in several investigations 
conducted in different agro-climatic regions. 
A preliminary study of the effect of time and method 
of placement of ammonium sulphate (and superphosphate) 
on the yield of raya (B. ^ Juncea Coss.) was made by Maini and 
Negl (1957). They found that the application of ammonium 
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sulphate Increased the yield significantly over control by 
average margins ranging from 294 to 460 lb/acre (262.24 to 
410*32 kg/hectare), under different treatments, 
Maini et a|. (1959) found that the yield of rai and 
brown sarson increased by 30$ on the application of 
nitrogen at the rate of 90 lb/acre (80*28 kg/hectare) and 
of toria, by about 35% with 60 lb/acre (53.52 kg/hectare). 
Depression in test weight of seeds hy nitrogen 
application has been reported by rta;)umdar (1962) in brown 
sarson, and by Jana (1963) and Lahiri (1964) in mustard. 
However, Singh et al. (1963) in toria, Dhote and Ballal 
(1964) in saf flower and Beech and Norman (1964) in 
brassicas, have reported that nitrogen fertilisation had 
no effect on test weight of seed. Pathak <jr| al. (1963) 
reported that the highest dose of applied nitrogen 
(50 lb/acre i.e., 44.60 kg/hectare) gave the best as well 
as most economical yield of ralf showing an increase of 35# 
over control. Maini e| jil. (1965) found that on sandy 
loam, low in nitrogen, application of 30 or 60 lb N/acre 
(26.76 or 53.52 kg/hectare) increased the seed yield and 
dry matter yield of toria cultivar Toria Abohar, It was 
also found to increase yield attributing characters like 
number of pods and branches per plant and number of seeds 
per pod. 
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Sinha (1969) noted visible differences in growth and 
development due to nitrogen manuring. The results obtained 
with regard to seed yield were in line with growth characters. 
The average responsiveness at 30 kg/acre (74.10 kg/hectare) 
was noted to be 269*61 kg/acre (665.93 kg/hectare) which 
was further augmented to 409*63 kg/acre (931.78 kg/hectare) 
in the case of 60 kg S/acre (148.20 kg/hectare).These 
responses ultimately showed an increased yield of about 
80 and 121% respectively over the control. 
Citing the essentiality of nitrogen* Rolller (1970,a) 
mentioned that the seed removes 70$ of the nitrogen present 
in the plant at harvesting, or, on an average, 70-125 kg/ 
hectare which shows that rape-seed makes heavy demands on 
this element which thus has a predominating influence on 
yields. 
A similar and significant linear response to nitrogen 
fertilisation was noted by Sharma (1971)* Application of 
30 kg N/hectare increased the yield of seed from 600 kg in 
control to 1167 kg/hectare. A further increase in the 
yield upto 1533 kg/hectare was observed when the crop was 
supplied with 60 kg N/hectare» All the fertiliser treatments 
were found profitable. The two doses of nitrogen (30 and 
60 kg/hectare) showed extra profits of fe, 872 and 1440/hectare 
over control. 
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Allen and Morgan (1972) found that the application of 
nitrogen increased the yield of seed and oil, principally 
through enhanced production of seeds by increase in the 
number of pods. However, the application of nitrogen had 
little effect on average pod and seed weight. 
Bayanand and Mahapatra (1974), in trials with raya 
(£• Juacea). obtained an average yield of 25 a/hectare 
with 30 kg N/hectare and there was further increase in 
yield by 2 q /hectare with 60 kg N/hectare. 
A significant increase in the yield of •RL 18* mustard 
with 30 and 60 kg N/hectare was recorded by Chundawat et al, 
(1975)# Perez and Mora (1975) reported that the application 
of 50-100 kg N/hectare gave the highest seed yield in 
oilseed crops* Besides these workers, an increase in seed 
yield by nitrogen application was also reported by 
Majumdar and Sandhu (1964)} Voskerusa (1970); Singh et al. 
(1972) and Scott et aO,. (1973). 
Aulakh et a^ L. (1977), working with brown sarson 
(B. campestrls L.) and Indian mustard (B. .iuncea L»), found 
that the application of nitrogen significantly increased the 
grain yield of both crops, ^he maximum yield was obtained 
with the application of 50 kg N/hectare (with 60 kg S/hectare) 
in brown sarson and 120 kg N/hectare (with 30 kg S/hectare) 
in Indian mustard. Similarly, a positive response in seed 
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yield with increasing rate of applied nitrogen was reported 
by Mazur et al» (1977), 
Sotomayor (1977) investigated the effects of different 
fertiliser treatments on rape yields. He found that there 
was considerable response to nitrogen (but none to phosphorus). 
Increasing nitrogen rate to 125 kg/hectare produced the 
highest seed yield of 3,4 t /hectare* Henry and Macdonald 
(1978), in field trials with rape, found that nitrogen 
(without irrigation) increased average seed yield of 
cultlvars Oro, Zephyr and Midas from 0,55 t/hectare without 
nitrogen to 0,8 t/hectare with 224 kg N/hectare, With 
irrigation, yield ranged from 0,95 t/hectare without nitrogen 
to 2 t/hectare with 168 kg N/hectare, Similar reports of 
positive response to nitrogen application with respect to 
seed yield have been published by Forster (1978) and 
Osborne and Batten (1978), 
More recently, Jain and Jain (1979)t working with 
Indian mustard (Brassica .luncea (Linn,) Czern.& Coss, 
sub SP» .luncea Linn,), found a significant increase in 
yield with nitrogen application. The average Increase in 
yield over the control was 2,4 q/hectare with 30 kg N/hectare, 
However, a further increase from 30 to 60 kg N/hectare gave 
an average yield increase by only 1*8 q/hectare. 
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2,5.1.3 Effect on seed quality 
Sinha etal. (1962), Jana (1963) and Lahiri (1964) 
working with rai, and Ma^umdar (1962), with brown sarson, 
observed that the oil content of the seed was depressed 
due to nitrogen application. 
Reduction in oil content caused by nitrogen application 
was also reported by Wind (1944) in colza, Blackman and 
Bunting (1951) in linseed and Singh et al. (1960) in 
sesame. Bhatty (1964) also found that nitrogen application 
increased yield and protein content, but decreased the oil 
content in rape. 
Sinha (I969)t made a very interesting observation with 
B, caropestrls. He noted that the application of 30 lb N/ 
acre (26.76 kg/hectare) applied in one dose either at 
sowing or one month later; or split in two (one half at 
sowing and the other, one month later) did not depress the 
oil content. However, in the other treatment at 30 or 
60 lb N/acre (26,76 or 53.52 kg/hectare), the oil content 
was appreciably depressed but the decrease was 
comparatively higher in the treatments where nitrogen was 
given two months after sowing. On the other hand, he found 
a positive correlation between nitrogen manuring and 
protein content. 
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Arora and Bhatia (1970), working with B. .juncea. found 
that nitrogen increased the protein content but decreased 
the oil content of seeds. Their results showed a 
significant negative correlation between oil and protein 
content, and oil and yield. A similar negative correlation 
between oil and protein content was also reported by 
Mehrotra ej£ aj.. (1972) and Dhindsa and Gupta (1974). 
Rollier (1970 b), Voskerusa (1970) and Scott et al* (1973) 
also confirmed that the application of nitrogen brought 
about an appreciable reduction in oil content. 
More recently, Mazur jr| a^, (1977) working with rape, 
reported an increase in protein and decrease in oil content 
with increase in the rate of applied nitrogen. However, 
Sotomayor (1977) was of the view that though seed oil 
percentage fell slightly by a dose of 125 kg N/hectare 
which gave the highest seed yield, it was more than 
compensated by increase in yield as compared to control. 
A similar decrease in oil was also reported by Forster (1978). 
There are, however, evidences where nitrogen application 
did not influence the oil content of seed* Thus, Beech 
and Norman (1964) observed that nitrogen fertilisation had 
little effect on oil content of brasslcas, except that it 
was reduced slightly at the highest level of application. 
Dasgupta and Ghosh (1977) also reported that with higher 
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doses of nitrogen oil content was not affected but protein 
percentage increased. 
On the other hand, Majumdar and Sandhu (1964) found, 
In case of rape-seed, that the yield of oil increased 
significantly with nitrogen application. Perez and 
Mora (1975) noted that sodium nitrate depressed the seed 
oil content, while urea with boron (as boro-natrocalcite) 
increased it and urea altne appeared to have little effect, 
They, however, found that oil yields, were increased by 
application of nitrogen, the highest being given by 
150 kg N/hectare as urea with boron, 
2,5,2 Phosphorus manuring of oilseed crops 
Like nitrogen, the essentiality of phosphorus for 
plant growth and development has been established for more 
than a century* Bould (1963) named Lawes and Gilbert, 
Liebig, Ville and Way among the pioneers who not only 
authentically proved its significance for crop plants but 
also vehemently recommended its application before sowing 
a new crop. It is no wonder, therefore, that considerable 
work has been done on the effect of this macronutrient on 
various crops. However, as pointed out earlier, inspite of 
their basic importance as a source of food, oilseeds 
have remained relatively neglected among agricultural crops. 
This is clearly borne out by the following short review of 
the effect of phosphorus on these plants. 
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2,5*2.1 Effect on growth and development 
Using sand cultures of B. juncea var. P. 85, Bose (195?) 
noted that the effect of phosphorus deficiency appeared on 
the plant at a relatively later stage of growth. However, 
once it had appeared, it tended to arrest further growth, 
with flowering» fruiting and seed formation being very 
adversely affected. 
Sen and Sarkar (1958) worked out the effect of 
phosphorus on the growth, yield and oil content of 
!• *1m*Qea var* Rai» P.85, grown in sand culture. 
$ hey observed the nutrient to accelerate the rate of growth 
in general and that of roots in particular* They also 
noted hastening of maturity as well as increase in total 
dry matter production with increasing phosphorus doses. 
Their results indicated an optimal effect of phosphorus 
application on yield of seed and oil* Surprisingly, however, 
they failed to observe the characteristic symptoms in 
phosphorus deficient cultures and their contention about 
the counter balancing effect &£ additional amounts of 
sulphur that had to be added to these cultures, does not 
appear to be convincing. 
Sen and Sengupta (1959) observed the effects of 
increasing levels of phosphorus deficiency and addition of 
correspondingly increasing doses of sulphur, to make up 
"J5-* 
for ionic disbalance in the phosphorus deficient nutrient 
solutions, on growth yield and oil content of B. duncea in 
sand cultures* They found that the height, number of 
branches and leaves, flowering period, fruit set, development 
of seed and oil content were adversely affected by 
phosphorus deficiency. But it is interesting to note, that 
they failed to confirm the earlier findings of Sen and 
Sarkar (1958) regarding the counter balancing effects of 
sulphur in phosphorus deficient cultures noted above. 
2.5»2*2 Effect on seed and oil yield 
kike vegetative growth, phosphorus has been 
demonstrated to enhance reproductive development of oilseeds, 
particularly Brass!ca crops. Its beneficial effect on seed 
and oil yield in most of these crops has been fully 
established. However, It is noteworthy that Main! gt aj.* 
(1963) failed to corroborate this generalisation and 
reported that in the case of toria, phosphorus (and potash) 
had no effect on yield and oil content of the seed. 
Stbmayor (1977) also found similar results with rape, and 
Jain and Jain (1979), with Indian mustard. 
At the other hand, Bose (1957) noted that phosphorus 
deficiency greatly reduced the oil content of seed in 
B*
 f1uacea var-P.85« He also pointed out that the ratio of 
seed yield to dry weight of root and stem was minimum under 
phosphorus deficiency conditions. 
<w3*4** 
Siffiiiai*ly# Maini and Megi (195?) concluded that, in 
B. .iuncea. broadcasting of superphosphate before sowing was 
found particularly of no avail but drilling the fertiliser 
4-*5 inches 4.eep before sowing resulted in a significant 
increase in yield over control by an average margin of 
166 lb/acre (148.07 kg/hectare)* 
Anderson and Kusch (1968) reported that phosphorus, 
applied singly or in combination with U, or H and Kf or 
N,K and 3, significantly increased seed yields of rapeseed 
(fi* campestris). Sharma (1968), wording with B. .juncea. 
noted significant Increase in seed yield with increasing 
doses of phosphorus. Average yield was increased from 
6.3 h kg/hectare on unfertilised plots to 7.1& h kg/hectare, 
with 22*5 kg I^Oe/hectare. 
Dembinski et al. (1969) noted increased yield with 
Increasing doses of superphosphate applied to winter rape. 
They further observed that the influence of increasing 
doses upto 180 kg P»0e/heGtare on the yield of seeds, oil 
content and oil yields, depended on available phosphorus 
in the soil* fore crops, and the number of years after the 
last manuring in crop rotation* 
Stabbetorp (1973), working with rape (j|. napus I*.) and 
turnip rape (B, caataestris L»), observed that the highest 
phosphorus dose gave the best yield. He also found that 
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the experiments conducted in soils with a high native 
phosphorus ©outsat gave smaller yield increases in response 
to phosphatlc fertilisation than was obtained from soils 
with a lower phosphorus content* 
In a similar experiment with rape (J|» napus) grown on 
two sites with varying levels of available phosphorus and 
high and low levels of nitrogen, Osborne and Batten (1978) 
found that on both sites superphosphate applied prior to, 
and during, the cropping phase caused significant increase 
in dry matter production and seed, oil and protein yields* 
2*5*3 Potassium as a fertiliser for oil-seed crops 
fhough the essentiality of potassium for normal and 
healthy growth of the plant is unquestionable, it has been 
found, that like other crops, supra<*optimai doses of 
potassium do not have much beneficial influence on oilcrops, 
and from the economic point of view, there is not much 
return (Bould, 1963)* 
Bose (195?) observed that deficiency of potassium had 
a detrimental effect mainly on lateral growth and yield of 
1* ."taacea which became pronounced with increasing degree 
of deficiency* this adverse effect was, however, less 
severe than that of nitrogen ©r phosphorus deficiency* 
Kaihi at al*, (1965) while working with toria, noted 
that potassium had no effect on yield or oil content of the 
seed* Sharma (1968), however, found increased yield with 
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the application of potassium. He reported that addition of 
22,5 kg KgO/hectare gave an average yield of 5.39 h Kg/hectare, 
compared with 4.83 h kg/hectare for unfertilised controls* 
Oupta and Das (1973) reported that potassium ( and 
phosphorus) had no effect on oil content in B, campestris W 
var» yellow Sarson T-42. 
Stabbetorp (1973)# studying the effect of potassium on 
turnip rape (£• eajipestrls u )* concluded that the effects of 
potassium on growth and yield were small and unpredictable. 
JDasgupta and Friend (1975)# working with white mustard 
(Slnapis alba)* observed that the oil content of the seeds 
was increased only at the higher level of potassium 
application* the otihter treatments either had no effect or 
decreased the oil content. 
More recently*, Forster (1978), working with rape 
(!• flanks swh sp, Olelfera). concluded that increasing the 
doses of potassium# either alone or in combination with 
lower doses of nitrogen, did not increase seed yield. 
Howevert it did so when given with higher doses of nitrogen, 
that potassium had little effect on yield of Indian mustard 
was also confirmed by Jain and Jain (1979). 
2*5*4- Sulphuy manuring of oilseed crops, , 
Koter and Sraesluk (1966) performed pot experiments to 
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observe the influence of sulphur on the yield of mustard* 
among other crops, using sandy soil. Sulphur * applied as 
gypsum, at the rate of 0.05-6 g/pot, was found to increase 
vegetative growth and seed yield* 
ffjarquard et al« (t9&3) conducted pot experiments 
with black mustard, summer rape, and oilseed radish* They 
found that the contents of mustard oil in the seeds 
increased with increasing sulphur supply* However, 
maximum mustard oil content was achieved only at sulphur 
levels higher than those required for majciffium yields, 
Rollier and ferrif (19§9) reported that rape seed has 
a mry high sulphur requirement (99 lb/acre or 88«30 kg/ 
hectare) during the period of growth upto flowering. 
Babuehowski (1971) worked out the influence of sulphur 
nutrition on the processing value of rape seeds, cooking 
oil and oil weal. The sulphur was given to winter rape 
(!» napus var« Qleifera sub var# biennis) as calcium 
sulphate, the doses being 0, 7*4, 1t»2 or 14.9 kg S/hectare* 
Interestingly enough* he noted that increasing doses of 
sulphur decreased the seed oil content* increased the 
acidity of the soil and also increased the contents of 
total sulphur, sulphate and sulphide in the seed* He 
also observed that added sulphur influenced the rate of 
formation of individual fatty acids, but did not affect 
their total number in the oil* Increasing sulphur tended 
**J5o** 
to increase the contents of ©xazoliainethiones and 
lsothiocyanates in the seeds and gave a subsequent decrease 
in forage value. * 
•foshi ejt a|# (1973) performed pot experiments in which 
nitrogen and potassium were applied as basal dose* there 
was greater increase in available sulphur content of the 
soil when sulphur and phosphorus were combined. Sulphur 
or phosphorus applied alone increased yield and nutrient 
uptake upto 50 kg/hectare of either nutrient* When sulphur 
was applied in combination with phosphorus, their uptake 
decreased, A comparison of the yield data and nutrient 
uptake with sulphur/phosphorus ratio indicated that the 
most effective ratios were 0*9-1•4* At wider ratios phosphorus 
uptake and yields were reduced* 
Pasricha and Randhava (1974) studied the effect of 
sulphur application on the uptake of native sulphur by 
soybean (Glycine max.(L). Kerr.) and mustard (B. .iuncea L») 
under green house conditions* fhey noted that sulphur 
application hd a significant effect on dry Batter and yield, 
and increased the oil content G£ mustard by 12$* At low 
doses of sulphur* the uptake of native sulphur was increased 
when compared with the control, where no sulphur was applied* 
Application of sulphur at 60 ppm increased the uptake of 
native sulphur in soybean* and an application of more than 
2$ ppm decreased the uptake of native sulphur ift mustard* 
"•39** 
A dose of 12.5*25 ppm of sulphur for mustard, and 60 ppm 
for soybean, was found optimum In view of its effect on dry 
matter* yield and utilisation of native sulphur reserves* 
Aulakh and Pasricha (1977) oonducted a pot culture 
experiment with rape seed (B« nanus L») in green-house 
using soil low in available S and K. fhey found that 
rape-seed responded significantly to sulphur fertilisation 
individually and ixk combination with potasslugu The 
concentration of sulphur in grain and vegetable parts was 
found to increase successively with Increasing levels of 
sulphur, the effect of potassium was greater in the 
presence of applied sulphur than in its absence. An increase 
in seed yield from 1*07 t/hectare to 1.31-1.75 t/hectare 
with sulphur fertilisation was also reported by Mazur ej| al. 
(1977). 
Singh and Singh (1977 a), in pet culture experiments 
with raya (B» .iuncea Coss. I*, variety R#L-18) found that the 
application of sulphur at the rate of 30 and 60 ppm 
increased the oil percentage significantly over control* 
fhey further noted an increase in plant growth, plant and 
grain yield and improved IGGG-seed weight by sulphur 
application* The effect of the 60 ppm was found to be 
similar to that of 90 ppm. However, at 120 ppm yields were 
reduced (Singh and Singh, 19775b). 
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2,5.5 Basal application of NPK and 3 to oilseeds 
Stepanova (1958) used fertiliser combinations PQ 0» 
% 5 P9G%0 ^ N45 ^60* appl*eo%oe*dre so^iag at a depth 
of 10-12 cm, to white mustard (8* hirtah Indian mustard 
(1* -luftcea). and summer rape (£• napus). She observed 
that fertilisation with phosphorus ..resulted in an increased 
oil content and that with potassium and nitrogen reduced 
it* Complete mineral fertilisatl©nt however, increased 
the oil content in all the three crops* She also 
concluded that phosphorus alone increased the yield of 
seeds hy 8~13#, NPK by 26-28$ and M by 1756* 
Anderson and Kusch (1968) applied 14 fertiliser 
treatments to rape-seed (B* campestria var* Oleifera sub var* 
annua) grown during 1962 and 1963 on summerf allow at 
three different soil sites, namely, Reg© Humic Gleysol 
soil of low pH status (site 1), Orthic Dark Grey wooded * 
soil o£ high available nitrogen content (site 2) and 
Eego Gleysol soil of variable texture and high available 
phosphorus content (site 3), They found that phosphorus 
applied singly (at 5» 10 and 20 kg P/hectare) or in 
combination with nitrogen (at 5*5 and 11 kg If/hectare), 
with nitrogen (at 5*5 kg N/hectare) and potassium (at 
18 kg k/hectare); or with KKS (at 5*5, 18 and 22 kg/hectare 
respectively) significantly Increased seed yields at site t 
and 2* There was no fertiliser response at site 3* They 
••.41 * 
further observed that rape_seed did not respond to potassium 
or to sulphur application on either soil, nor did this 
crop respond to nitrogen application alone at either 5.5 or 
11 leg H/hectare at site 1* 
However» there was response to nitrogen application at 
11 leg N/hectare at site 2« They suggested that the yield 
increases were associated with low soil phosphorus at 
site 1 and with nitrogen : phosphorus imbalance at site 2. 
At site 3» there was no fertiliser response due to the 
poorly drained nature of the soil* 
Appelqvlst (1968) studied the effect of nitrogen, 
phosphorus and potassium nutrition on average seed weight# 
oil content and fatty acid composition of rape seed 
(1* napus). Nitrogen was found to produce an increase in 
seed weight and a decrease in oil content* fbe average 
amount of oil per seed, however, remained constant* 
Phosphorus and potassium were found to have a very limited 
effect on fatty acid composition, ieeds from sulphur 
starved plants had decreased oil content. Excessive amounts 
of sulphur had no effect on fatty acid composition* 
firraanl and Gulati (1971) conducted a green hosse 
experiment in sandy loam soil to evaluate the effect of 
sulphur on the response of Indian mustard (B* iuncea) to 
phosphorus* fhey found that sulphur had a significant 
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direct effect on the uptake and utilisation of soil and 
fertiliser phosphorus by the crop but had little residual 
effect# Frequent applications of sulphur were found useful 
and phosphorus application was found to offset sulphur 
deficiency temporarily. 
Mehrotra e£ al. (1972), in pot trials with Indian 
mustard (JB. ,1uncea (L.) Czern* and CossJ given nitrogen 
and phosphorus, found that plant nitrogen and phosphorus 
contents increased upto the branching stage and declined 
thereafter. Highest nitrogen and phosphorus contents, 
uptake of nitrogen and phosphorus, best seed yield and oil 
and protein contents were achieved by the use of combined 
nitrogen and phosphorus fertilisers applied at the rate of 
66 kg N + 22 kg P-Oc/hectare* The oil and protein 
contents of the seeds were found to be Inversely related. 
Dasgupta and Das <1973)» i^ a field experiment with 
rape (B. campestris L. var. yellow sarson-T-42), designed 
to study the effects of NPK doses in single and split 
applications on yield and oil content, noted a linear yield 
response with increasing doses of nitrogen. The response to 
phosphorus and potassium was found to be non-linear but 
significant. The application of nutrients in split doses 
proved of no advantage over single application. 
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Bhan and Singh (1976). in trials with B* canreestrls 
var* brown Sarson given 48*80 kg N, 30-60 kg PgGe and 
40 kg KgO/hectare alone and in combinations, found that 
the fertiliser application markedly improved plant height, 
number of branches and siliqua/plantf seeds/siliqua, grain 
yield and oil content of seeds* ^eed yields were highest 
(1.52 t/hectare) with 80 kg B/hectare. compared with 
0.85 V without BPK* Seed oil contents were hlghest<42*5#) 
with 40 kg H/hectare compared with 41#6$ with 80 kg U/hectare 
and 40*7# without NPK, Phosphorus was also found to improve 
yield and other characters, but when combined with nitrogen 
it did not result in any additional yield over that of 
nitrogen alone. They also recommended a dose of 40 kg 
H/hectare for profitable cultivation of the crop under dry 
farming in Uttar Pradesh* 
Aulakh et aj.* (1977), Ui field trials with brown sarson 
{B* camoestris L*) and Indian mustard (B» .foncea i*), worked 
out the nitrogen sulphur relationship of these crops. They 
found that the application of nitrogen significantly 
increased the seed yield of both crops but sulphur 
application did so only in brown sarson* The maximum yield 
was obtained with the combined application of 50 kg U and 
60 kg S/hectare in brown sarson and 120 kg N and 30 kg S/ 
hectare in Indian mustard* 
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Mazur et al. (1977), in field and laboratory trials with 
winter and spring rape fertilised with 80, 160 or 240 kg 
N/hectare and 30, 60 or 90 kg S/hectare, phosphorus and 
potassium feeing constant at 80 kg PpO^ • 120 kg K^O/hectare; 
found that seed yield of winter rape was more responsive to 
increasing rate of applied nitrogen (upto 160 kg N/hectare) 
thaii was that of spring rape. Sulphur fertilisation was 
found to Increase seed yields from a three year average of 
1,07 t/hectare for controls given no sulphur • 80 kg N/hectare 
to 1.31 - 1.75 t for treatments including sulphur. There 
were, however, no significant differences between the different 
rates of applied sulphur in their effect on seed yield and 
chemical composition. 
2.5.6 Foliar application of NPK and S 
The first reference about the use of nitrogen to the 
foliage seems to be that of Ballard and Volck who in 1914 
applied sodium nitrate winter sprays on dormant apple trees 
(Bould, 1963). 
Lewis (1936) studied the absorption of phosphorus by 
lettuce leaves from a combined spray of nitrogen, phosphorus 
and potassium. It seems that he was the first to apply this 
element to the leaves. 
Biddulph (1941) studied foliar uptake of phosphorus, 
using P . He reported diurnal trend in the movement of 
labelled phosphorus from the leaves of bean, and 
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established the theory of "circulation" of phosphorus in 
the plant* He observed that most rapid movement of the 
tagged phosphorus occurred from the leaves during the day 
hours principally through the phloem. 
Hamilton et al. (1943) working with apples, observed 
that high concentrations of spray solution resulted in 
leaf injury while at lower concentrations there was no 
injury. Urea was found to be a good source of nitrogen. 
Fisher ejfc ajj. (1948) established that urea spray gave 
nitrogen effects sufficient to keep apples moderately 
vigorous. They emphasised the fact that the effects of 
moderate spray applications of urea nitrogen on yield and 
colour of Mcintosh applet are dependent on the timing of 
the sprays as well as on the doses. They opined that 
timing of these sprays may permit better control of fruit 
set and fruit colour. 
Silbersteln and Wlttwer (1951), with the help of 
tracer studies, concluded that foliar applied radioactive 
O-phosphoric acid is rapidly absorbed by the leaves of the 
tomato, corn, bean and squash plants and is translocated to 
the root tips and other centres of high metabolic activity. 
Fisher (1952), working with Mcintosh apples, concluded 
that the yields from trees receiving foliage sprays of urea 
are at least as good as those obtained from the trees given 
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soil applications of comparable doses of nitrogen, **e found 
that the later a spray is applied the greater is the nitrogen 
effect following that spray, within the limits from the 
pre-blossom period to the time of second cover spray* He 
further noted that sprays of urea caused more rapid nitrogen 
effects than soil applications, out of a temporary nature. 
Humbert and Hanson (1952) reported that a rapid increase 
of leaf total nitrogen and leaf chlorophyll followed spraying 
of sugarcane with concentrated urea solution, the increase 
being much more rapid than that caused by comparable soil 
treatments* A nitrogen concentration as high as 
67 lb/acre (56*76 kg/hectare) was found to cause no leaf 
injury provided the crop was well irrigated at the time of 
spray, 
Mayberry and Wittwer (1952), working with tomatoes 
under field conditions, found a significant hastening of 
the time of ripening and a possible slight increase in total 
yield due to four urea sprays of 0*75% concentration. 
Greenhouse tomatoes sprayed four times with 0,50$ urea also 
yielded significantly more than unsprayed plants* Under 
field conditions too, a significant increase in the yield of 
celery, sprayed five times with 1% urea solution was noted, 
Jones and Steinacker (1953)and Kuykendall and Wallace 
(l9$3)t confirmed these observations with lemon and orange 
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trees* Jhey found that the leaves of lemon and orange are 
efficient In absorption of urea sprays, the increase in 
leaf nitrogen by foliar treatments being laore rapid than 
by the comparable soil treatments. 
Regarding the mode and time of foliar application, 
Kaindl (1954) made very useful observations* He was of the 
View, that in cereals, spraying in the evening was better 
as compared to that in the morning due to slow drying 
process* Further, the dried up nutrients were remobilised 
the next morning by dew formation* He also noted that a 
combination of foliar, and soil.applied nutrients gave 
higher yields as compared to either application alone* 
Volte and McAuliffe (1954), using tf1^-labelled urea 
applied to tobacco, showed extensive absorption and 
distribution of urea nitrogen throughout the plant within 
twenty four hours* These observations were also confirmed 
by Burr et, al,* (1958) with sugarcane* 
Fanak and Szafranek (1967) conducted water culture 
experiments to study the absorption and translocation of 
foliar and root applied fir' by rape and bean plants. Foliar 
applied sulphur was translocated to stems, roots, and young 
developing leaves, while the older leaves showed merely 
its presence in the conducting tissues* But, as the time 
of treatment increased from 6 to 48 hours, the concentration 
of sulphur also Increased in all the plant parts examined* 
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Root-applied sulphur was translocated more or less 
uniformly to leaves, stems and roots, while foliar-applied 
sulphur was concentrated most in leaves and least in stems, 
the roots accumulated intermediate amounts of sulphur. 
Studies on the effect of foliar spray on a variety of 
crops in India are only about two decades old. The first 
report using urea seems to be that of Sadaphal and 
Das (1956), followed by those of Barat and Das (1962)} 
Kanan and Ranganathan (1963); Ranganathan and Govindan (1964); 
De and Seth (1965); Sadaphal and Das (1966) and De et al. 
(1968), among others. 
A review of the work done in India, on foliar 
fertilisation was presented by De (1971). Citing his own 
work done on mustard, he reported that the yield was 
considerably increased if nitrogen was supplied partly 
through the foliage and partly through the roots, The split 
doses 40+40 or 60+20 (soillfoliar) were found better than 
other split combinations, or a complete dose of 80 kg U/hectare 
through the soil. 
Lahlri and De (1971) conducted experiments to evaluate 
the efficiency of urea as a source of nitrogen when applied 
both through foliage and soil. They reported that the 
increase obtained by supplying part of nitrogen through the 
foliage was much higher than that obtained by applying 
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similar quantities of nitrogen through soil* Where 
100 leg ft/hectare was applied partly through soil and partly 
through foliage (60 soil • 40 foliage), the seed yield was 
higher than even by the application of 120 kg JJ/hectare 
entirely through soil* they recommended foliar application••* 
of a part of nitrogen as a good practice for increasing 
the seed yield of mustard. 
At Aligarh also* considerable work has been done by 
Afridl and associates on the foliar nutrition of various 
crops,Including oilseeds^ Saaiiullah (1971) and Afrldi and 
Saoiullah (1973) working with barley, Khalique (1975)# 
with barley, maize and lettuce; Qaseeia (1975) and Afridl et al« 
(1976,b), with barley and wheat; Afridl ej| aj.# (1976,a), 
Naqvl (1976) and flaqvi ,gt aj.. (1977), with mustard and Inam 
(1978), with triticale, have established the significance 
and advantage of foliar nutrition as a supplement to regular 
soil fertilisation. Some of this work has been reviewed by 
Afridl and Wasiuddin (1977)# 
Saran and Be (1979), working with rape (B# napus hixm*) 
during 1971-74, found that the optimal doses of nitrogen were 
57»3 kg N/hectare in 1971-72 and 6f,8 kg N/hectare in 1973-74* 
fhe response was linear in 1972-73* they further found that 
the application of two-thirds of the fertiliser through soil 
slong with one-third through foliage increased seed yield 
-»50*» 
in drier years when soil moisture was not adequate to make 
the soil-applied nitrogen fully available, 
2#6 Concluding remarks 
It is thus evident that first, inspite of its national 
importance, research work on oilseeds in general and mustard 
in particular is patchy and merits greater attention* 
Secondly, the results of various workers are so diverse and 
controversial that it seems almost impossible to draw any 
firm conclusions regarding the optimal fertiliser requirements 
of this sovereign oilseed crop, particularly from the economic 
point of view. Thirdly, the work on foliar application of 
the ma^or nutrients, as evident from the foregone review, is 
meagre• It demands a thorough and systematic study to work 
out appropriate doses alongwith suitable growth stage for 
application. Lastly, the work on fertiliser economy using 
foliar spray technique In this crop is next to nil and 
provides a barren field of study to check whether the 
otherwise effective foliar sprays are economically feasible 
or not* 
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CHAPTER - 3 
MATERIAL AND METHODS 
The field experiments reported and discussed in this thesis 
were conducted during the nrabirt (winter) season of the 
years 1976*79, at the Botanical Garden of the Aligarh Muslim 
University, Aligarh, 
3.1 Physiography and climate 
Aligarh, one of the fifty six districts of Uttar Pradesh and 
having an area of 5024 sq km, stands 27°53 N and 78°4 E and 
187•45 m above sea level. 
It has a dry climate, characteristic of Western Uttar 
Pradesh. The cola weather extends from the middle of October, 
after the close of the rains, to the end of March. During 
the winter, the temperature is low. Frosts are not of 
frequent occurrence or of great intensity.. The mean 
temperature for December and January, the coldest months, is 
about 15°C and 13°C although the extreme minimum record is 
2®C and 0,5°C respectively. The summer is decidedly hot, the 
average temperature for Hay being 34.5°C and for June, 34°C 
whereas the extreme maximum record is 45 C and 45,5 C, 
respectively (Fig.1), 
I 
Fig.*!,- Monthly temperature variations in Aligarh. 
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The average annual rainfall in the district is 847,30 mm, 
More than 85 percent of the rainfall occurs during Jvme to 
September (Figs. 2 & 3)* there is some rain in winter which 
is useful for rabi crops* the average annual precipitation 
for the years 1976-77, 77*78 and 78*79 was 998,22 mm, 
1095,50 mm and 745*90 mm respectively* The meteorological 
data for the experimental period recorded at the Meteorological 
Observatory, Department of Physics, Aligarh Muslim University, 
is presented In Figures 4 and 5. 
Soils: The soils found in this district are much the same in 
composition and appearance as those of the Western u*ttar Pradesh 
as a whole, the various soil types found are sandy, loamy, 
sandy loamy and clayey loamy, the last one being the ma^or and 
dominant type (Fig,6)» 
3*2 Preparation of the field 
The soils of the experimental plots were analysed for 
their physico-chemical properties before each sowing at the 
Soil Chemistry Laboratory of the Indian Agricultural Research 
Institute, Hew Delhi, The analyses are given in Table 1. 
Well in advance of sowing, the field was thoroughly 
ploughed to turn the soil for maximum aeration* After 2*3 
days, the field was levelled and the plots of requisite size 
were prepared. At this stage a light irrigation was given 
to the plots to maintain proper moisture content. After 
5*7 days of this Irrigation, depending upon the prevailing 

Fig,3. Average monthly rainfall in Aligarh 
en 
6 
LL 
< 
- J 
< 
a
m
fa
ll 
cr 
>s 
M
on
th
I 
e
ra
ge
 
o 
o 
CM 
• 
. I . I . I 
o o o 
in o 10 
l l V J N I V d 
• K, 
•
i 
1 
r—
 
S 
0 
N
 
D
 
< 
» 
z 
" < 
" - » 
o 
% 
CO 
I 
M
O
N
T 
o 
19
01
-1
 
e 
o 
t-. 
•o 
1 
o 
o 
a; 
i__ 
e
d 
o
n
 
i 
ba
s
 
o 
o 
a 
Fig.4. Weekly variations in relative humidity and 
rainfall noted during the experimental period 
< 
A lO e> o o o o o o o o 
• N to iA -4 m r>» «~ <-' 
AHQIWOH 8 
Fig,5. Weekly variations in temperature as noted during 
the experimental period 
1 
1 
1 
i 
> 
o 
i 
8 
o 
UJ 
isft 
Fig.6. Soil types of Aligarh district 
FIG 6 
i JO 
1 — 
ALIGARH DISTRICT 
S O I L S 
10 KM 
30 
3 | 
0 
INDEX 
Sondy Soil 
am Loamy • 
— I Sandy Loam 
L z - j O o y y Loam 
77^30 
27 
30 
\ J 
7(f0 Ifjo" 
Table 1. Physico-chemical characteristics of surface 
soil of the fields (Esqperiments 1-6) 
YEAR 
Characteristics 1976-77 mtm MMZ 
,Expt 1 Expt 2 Expt 3 Expt 4 Expt 5 Expt 6 
C.L. S.L. S.L. 5 .L. S.L. ^*L« 
50.8 75.6 79.3 
33.5 15.2 
15.7 9.2 
7.7 8.0 
(4) Conductivity 
£.C.(li2) 0.40 0.10 0*10 0.10. 0.10 0,25 
(m mhos/cm) 
(5) Available 
nitrogen 
(leg/hectare 
(1) Texture 
(2) Particle size 
distribution 
Sand % 
Silt % 
Clay % 
(3) pH (1:2} 
'
4.6 
6.1 
8.0 
76.7 
15.2 
8.1 
8.0 
78.4 
14.3 
7.3 
8.0 
79.1 
14,8 
6.1 
8.0 
<N) 230.65 255.45 263.55 240.20 239.15 246.25 
(6) Available 
phosphorus (P) 53.76 17.92 22.40 1 7 . 4 0 1 7 . 0 2 20.60 
<t kg/hectare) 
(7) Available 
potassium (K) 1260.00 924.00 903i00 802.00 812.00 896.00 
^kg/hectare) 
(8) Calcium Nil Low Low Low Low Low 
carbonate 
C.L. Clayey loam 
S.L. Sandy loam 
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weather conditions, the sowing was done in furrows 13-14 cm 
deep prepared by hand-drawn plough. In each furrow, the 
fertiliserf according to the treatment, was applied by hand 
followed by seeding at the proper seed rate. 
3.3 Experiment 1 
The first experiment was conducted on a clayey loam soil 
during the rabi seatpon 1976477. The physico-chemical 
analysis of the soil is given in Table 1* 
this experiment was designed to study the effect of five 
combinations of basal nitrogen and phosphorus on yield and 
yield attributing characters of two locally popular varieties 
of mustard. The aim of the experiment was to establish the 
optimum dose under local conditions. In a factorial randomised 
block design, commercial grade urea and calcium superphosphate 
were applied to the soil at/the rates of 40 and 60 kg N/hectare 
and 20 and 40 kg EgOc/hectare respectively in furrows at the 
time of sowing together with muriate of potash which was 
applied at a constant rate of 40 kg KgO/hectare* The summary 
of various treatments is given in Table 2. 
Thus in all, there were j five treatments each with three 
replications; and two varieties namely (1) "kana-tOI* 
(Brassica .foncea (I*.) Czern| & Coss.), a high yielding variety 
and (2) "Peeli Sarsonw (B. ^ amnestris I.*), a traditional one. 
The size of each plot was 10 sq m (4m x 2.5m). The seeds 
fable 2. Summary of Experiment 1 (1976-77) 
Treatments 
%GP40 
Basel fer t i l i ser dose 
Urea ^earoho^pliate (kg N/iieetare) (teg PgvWhectare) 
mmmmmimmmtmmmm 
Vo 
H 4 0P 2 0 40 20 
N40P4G 40 40 
%0 P20 60 20 
60 40 
•aMHAMlMlaaMl 
N»B* Muriate of potaah at ;40 kg K20/hectare was added 
uaifonaly to the soil at sowing. 
Treatments 8 Basal - % 
¥arietles I 2 (Laha-lpi and Peeli 3arso») 
Hgpiioates t 3 
Design i Factorial randomised 
l
«/*J™ 
were tested before sowing for their viability using standard 
methods* Healthy seeds of uniform size and weight were 
selected and treated with absolute alcohol for surface 
sterilisation. The seeds were sown by the usual "behind the 
plough* method at the rate of 10 kg/hectare. The furrows were 
kept 22,5 CIB apart and the jnumber of seeds/furrow was 
maintained at 15, Sowing was done on 12 November, 1976* The 
field received three irrigations between sowing and harvesting* 
Weeding was done twice during the entire course of growth of 
plants. The crop was harvested on 28 March, 1977* "Dimeeron-1Q03 
containing phosphamidon?was sprayed as required for aphid 
control. 
3#4 Experiment 2 
The second field experiment was performed simultaneously 
with the first experiment during the rabi season 1976-77* 
The physico-chemical analysis of the soil is given in table 1* 
the experiment was designed to study the effect of various 
combinations of leaf-applied nitrogen, phosphorus and sulphur 
in the presence of two doses of soil-applied nitrogen and 
phosphorus on the yield and yield attributing characteristics 
of Laha-101* In a split plot design, with 40 kg KgO/hectare 
added uniformly, commercial grade urea and calcium 
superphosphate were applied in two combinatlont One set 
comprised of 60 kg K and 2# kg F?0,-/hectare, while in the 
~55»: 
other the dose of the two nutrients were halved i«e. 30 kg It 
and 10 kg PgOc/hectare only; were applied, Thus, in all there 
were sixteen treatments comprising eight foliar applications 
of nitrogen, phosphorus and; sulphur singly or in various 
combinations (including the control) and two basal treatments 
as explained above* Each treatment was replicated thrice* 
Nitrogen was sprayed as urea (2$) at the rate of 20 kg N/ 
hectares phosphorus, as sodium dlhydrogen ©rthophosphate 
(0.2$) at the rate of 2 kg PgGe/hectare and sulphur, as sodium 
sulphate (190 at the rate of 2 kg S/heetare* All the plots 
were sprayed at 70 days (flowering stage) and 90 days (fruiting 
stage) after sowing (Maqvi* 1976). The summary of the treatments 
is given in Table 3» 
The details of the size of each plot, selection and 
treatment of seeds,method of sowing, seed rate, irrigation and 
pest control were the same -as In Experiment 1. Sowing was 
done on 19 November,1976 and the crop was harvested on 
11 April, 1977. 
3.5 Experiment^ $ 
The third experiment was conducted during the rabi season 
of 1977*78* The physico-chemical analysis of the soil of the 
field is given in Table 1. 
The aim of this experiment was to study the effect of 
leaf-applied nitrogen, phosphorus and sulphur, in various 
Table 3 . Summary bf Esqseriment 2 (1976-77) 
lH'iin .in i m w i i 
Treatments Fertiliser dose (kg/hectare) 
Basal Foliar 
H 
60 
60 
60 
60 
60 
60 
60 
60 
30 
30 
30 
30 
30 
30 
30 
30 
Basal 
P2°5 
20 
20 
20 
20 
20 
20 
20 
20 
10 
10 
10 
10 
10 
10 
10 
to 
H 
•«* 
20 
<# 
<m 
Z0 
20 
• 
20 
*» 
20 
«• 
~ 
20 
20 
<* 
20 
Folia* 
P 2 % 
<m 
-m 
2 •• 
*• 
2 
* 
2 
2 
«• 
*» 
2 
• . # » 
2 
«• 
2 
2 
• 
.s 
**. 
«« 
*» 
2 
•» 
2 
2 
2 
-
• 
a» 
2 
-
2 
2 
2 
%0*20 
hcfzo 
%0P20 
%0*20 
%0P20 
%0P20 
%0*2o 
%0F20 
K30P10 
K30P10 
^O^IO 
^ O ^ O 
K30^io 
H30P10 
^O^IO 
So^io 
Water 
N 
P 
S' 
m 
NS 
PS 
UPS 
Water 
N 
P 
S 
HP 
NS 
PS 
MPS 
^•B* Muriate of potash at 40 kg iUO/aeetare was added 
uniformly to the soil at sowing. 
Treatments I 
Variety * 
Replicates : 
Design : 
Basal - J2 (Main plot) 
Foliar-18 (Sub plot) in two operations at 
70 and 90 days after sowing 
1 (Lana-101) 
Split plot 
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combinations on yield and yield attributes of four selected 
varieties, namely (1) B.R-40 (early), (2) Laha-101 (late), 
(3) T-11 (medium)! and (4) Varuna (medium). The design of the 
experiment was factorial randomised. The basal dose was kept 
at 60 kg H (as urea), 40 kg PgO^ (as calcium superphosphate) 
and 40 kg K^O (as muriate of potash)/hectare. Aqueous 
solutions of 2% urea (at the rate of 20 kg N/hectare), 
0*2% sodium dihydrogen orthophosphate (at the rate of 
2 kg P20c/hectare) and 1% sodium sulphate (at the rate of 
2 kg S/hectare) in various combinations were applied in two 
operations at 70 days (flowering stage) and 90 days (fruiting 
stage) after sowing on the basis of the experience of 
Naqvi (1976) and Naqvi et al» (1977). Controls were sprayed 
with deionised water only. ;The treatments are summarised in 
Table 4# 
In all, there were five treatments for each of the four 
varieties and three replications. The details of the size 
of each plot, selection and treatment of seeds, method of 
sowing, seed rate, irrigation and pest control were the 
same as in Experiment 1# The date of sowing was 23 October,1977. 
The crop was harvested on 4 March,1978. 
3.6 Experiment 4 
The fourth experiment was carried out simultaneously with 
the third experiment in an adjacent field during the same 
season. The physico-chemical analysis of the soil of the 
fable 4, Summary of Experiment 3 (t97?«*7&) 
Treatments Foliar fertiliser dose (Isg/aectare) 
8 ! PgOg S 
Mater 
If F 
K S 
P S 
H P S 
20 
20 
ao 
2 
2 
2 
2 
2 
Treatments 
Farieties 
Eeplieates 
Design 
* Basal
 r 1 (Hgc^oK^) 
foliar* 5 (ia two operations at 
70 and 90 days aftei? sowing) 
f 4 (BiR~40t l*aha*10t» T*»11 and Varana) 
Factorial randomised 
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field is given in fable 1. 
The aim of this factorial randomised experiment also was 
to study the effect of basal and leaf»applied nutrients on 
yield and yield characteristics of the same four varieties of 
mustard taken in Experiment! 3* keeping the same concentration, 
dose and time of spray* Thfe basal dose, however,consisted of 
40 kg N, 20 kg PgOe and 40 kg K^O/hectare given as urea, 
calcium superphosphate and muriate of potash respectively* 
Controls, were sprayed with; deionised water* The crop was 
sown on 25 October, 1977 andj harvested on 8 March,1978* The 
treatments are summarised in Table 5# 
3*7 Sacperiment ,g 
This experiment was conducted during the rabi season of 
197S-79« ^he physico-ehemibal analysis of the soil is given 
in Table t* 
This experiment was designed to work out the best 
combination of growth stages for foliar fertilisation during 
the entire growth period and the best combination of nitrogen, 
phosphorus and sulphur to bfe applied. The experiment was 
performed with mustard variety &aha~1G1 and the effect of 
these variants was noted on; the yield and yield attributing 
characters of the crop. 
In a factorial randomised block design, a single dose of 
commercial grade urea, calcium superphosphate and muriate of 
potash at the rate of 60 kgjN, 20 kg P?0,- and 40 kg K«0/hectare 
fable 5* Summary k>t experiment 4 (1977*78) 
treatments 
Foliar fertiliser dose (kg/hectare) 
N P2°$ 
water 
K P 
® $ 
P S 
8 P S 
treatments 
Varieties 
Replieates 
Design 
'• 
20 
20 
* * i 
20 
t Basal ~-j 
Foliar -j 
: 4 (B#R-40| 
i 3 : 
m 
2 - • 
«•> 
2 
2 
t CN4(^2Q^40^ 
•» 
*» 
• '2 
2 
2 
5 (in twer operations at 70 and 
#0 days after sowing) 
l*aha^10if f»1t and Varuna) 
j Factorial randomised 
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respectively* was applied in furrows at the time of sowing. 
Spray treatments consisted of 20 kg N (as 2,0^ urea), 
2 kg PgOg (as 0*2% sodium dihydrogen orthophosphate) and 
2 kg S (as 1#0$ sodium sulphate) per hectare given in all 
possible combinations, i.e. JIPS, 8Pf PS and WS» The sprays 
were applied twice in three selected combinations of stages 
of growth i.e. 50 md 70f 50 and 90 and 70 md 90 days after 
sowing. Separate controls, sprayed with deionised water, 
were kept for each of these three combinations. Thus, in 
all there were fifteen treatments, each with three replicates. 
The summary of treatments is given in fable 6. The si2e of 
plots, seed tests, sowing methods, seed rate, number of 
irrigations and pest control operations were kept the same as 
in Experiment 1. the crop was sown on 24 October,1978 and 
harvested on 3 March,1979. 
3#8 Experiment 6 
also 
The last experiment/was; carried out during the rabi season 
1978-79• The physico-chemical analysis of the soil of the 
field is given in Table t» 
The faim of the experiment was to select, under local 
conditions, the optimum basal fertiliser dose for ten newly 
evolved mustard varieties namely (l) Appressed Mutant, 
(2) B-85, (3) B.R-40, (4) Ki Ampbldiplold, (5) Patan-21, 
(6) R.L-18, (7) R.S-3, (8) T-tt, (9) T-16, and (10) Varuna. 
fable 6# Summary of Experiment 5 (t9?8*79> 
Foliar 
treatments 50 & 70 
• ' P 2 O 5 
S^ray (&ays after sowing) 
| 50 & 90 70 & 90 
s! N P 2 O 5 B n P 2G 5 s 
Water 
H p 
N S 
P S 
N F S 
20 
20 
20 
20 
20 
2 i -
20 
20 
20 
20 
treatments I 
Variety i 
Replicates * 
Design i 
Basal f 1 C%0P2^40> 
Foliar *> 5 (in two operations) 
t (iahaitOl) 
3 ; 
Factorial randomised 
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The authentic seeds of these varieties were obtained from , 
Br, D.P. Misra, Associate Project Coordinator, Indian 
Agricultural Research Institute (Regional Station), Kanpur, 
Uttar Pradesh, 
In a split plot design^ commercial grade urea and calcium 
superphosphate were applied in two doses, one consisting of 
60 kg N/hectare and 40 kg P«05/hectare and the other, 
40 kg N and 20 kg P^O./hectare, Muriate of potash was 
applied uniformly at 40 kg KpO/hectare, The treatments are 
summarised in Table 7, Thus in all, there were two treatments 
with three replicates for each of the ten varieties. The 
details of size of each plot, selection and treatment of seeds, 
method of sowing, seed rate, irrigation, and pest control 
were the same as in Experiment 1. Sowing was done on 
7 November,1978 and the crop was harvested on 23 March,1979. 
3.9 Sampling technique 
For the study of various yield attributing characters, 
live plants were selected at random from each replicate at the 
time of harvest. 
3»9*fl Yield characteristics 
The following yield characteristics were studied in each 
set of the sampled plants! 
(i) Number of pods per plant and 
(ii) Number of seeds per pod. 
fable 7» SuKaaary of Ejsperlaent 6 (1978*79) 
!Jreatments 
Basal! fer t i l iser dose 
Urea 
(kg N/heetare) 
Superphosphate 
(kg PgO^/fcectare) 
%op4o 60 40 
VaO 40 20 
N#B« Muriate of potash at 40 kg ICgO/hectare was added 
uniformly to the soil at sowing. 
treatments t 
Varieties t 
Replicates t 
Design s 
Basal m 2 (Hain plot) 
10 (Sab plot) » Appressed Mutant* B*85* 
B.R-40, K.Amphidiplold, 
Fatan-21, R»k*t8> R#S~|# 
3V11* $-16 and Varuna 
Split plot 
For the assessment of total yield, the remaining plants 
were harvested from each plot, tagged and sun*dried in a net 
house to avoid losses due to birds and rodents* Complete 
drying took about seven days, f he plants were then threshed 
by beating with wooden sticks, fhe threshed seed was winnowed 
and cleaned with hand-winnower and bagged seperately in 
cloth after weighing* Samples of seed from each plot were 
then utilised to obtains 
(iii) Heeto-lltre weight and 
(iv) Oil percentage. In addition! 
(v) Seed yield per hectare and 
(vi.) Oil yield per hectare 
were calculated on the basis of total seed weight per plot 
and oil percentage respectively. 
3* 10 Seed analysis 
Crushed seeds weighing 5.0 g were transferred to a 
Sexhlet extraction apparatus to which sufficient quantity of 
pure petroleum ether was added, fhe apparatus was kept in 
a thermostatic water bath maintained at 60°C for 6 hrfor 
complete extraction of oil (Lee and Kye, 1970). The 
* petroleum ether containing the extracted oil was then kept 
• in open air to evaporate off the ether, fhe remaining oil 
was weighed and the percentage of oil in the seeds* as well 
as oil yield per hectare, was calculated. 
3.11 Statistical analysis : 
All the experimental da*ba were statistically analysed with 
reference to the design of each experiment according to 
Fanse and Sukhatme (1967)* The most rigorous •F* tests 
were followed in which the isrror due to replicates was also 
determined* When *F» value! was found to be significant at 
the 5 per cent level of probability, critical difference (C,lM 
was calculated* The models! of the analysis of variance (ANDVA) 
for each of the experimental design are given in Table 8, 
Table 8# Models of the Analysis of Variance (AHGVA) 
Factorial randomised design (Experiment 1) 
Source of variation D»F» S*S# M*S, F« 
Replication 
treatments 
Varieties 
treatment x varieties 
Error 
2 
4 
1 
4 
U8 
total Z9 
% l l t plot Resign (Experiment 2) 
Replication 
Main plot treatments 
Error (a) 
Sub plot treatments 
Main plot treatments 
Sub plot treatments 
Error (b) 
..a 
1 
2 
;t 
7 
28 
•fMMM»«W1MlMM«M^^ 
Total 47 
Factorial randdmlsed design (Experiment 3 & 4) 
Replication 
treatments 
Varieties 
Varieties x treatments 
Error 
" 2 
* 
' 3 
i2 
38 
total 59 
fable 8 (contd*)* Models of the Analysis of Variance 
(AI&VA) 
Factorial randomised design (Experiment 5) 
iiiiiMiiMMiiiiiiiWiii»«w«^^ i mmmifimmmmmmmmmmmmmmmmmmmmmmmmmmmmmB^mmtm^imwm 
Source of variation ."!>•?•• ':S#S„ M*S* "& 
Replication 
Treatments 
Stages 
Treatments x stages 
Error 
2 
4 
2 
3 
28 
Tdal 44 
% l i t plot design (Essperlment 6) 
Replication 
Main plot treatments 
Error (a) 
Sub plot treatments 
Main plot treatments 
Sub plof treatments 
Error (b) 
; 2 
1 
2 
9 
9 
36" 
total - 59 
mmm*mmm<mtmm 
C O N T E N T S 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
Experiment 1 
Experiment 2 
. Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 
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65 
70 
74 
77 
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CHAPTER - 4 
EXPERIMENTAL RESULTS 
4,1 Experiment t 
In this factorial randomised block design field experiment, 
the effect of five combinations of basal nitrogen and phosphorus, 
in presence of a constant dose of potassium, was studied on 
yield and yield attributes of two popular mustard varieties, 
Laha-10t and Peeli Sarson. 
The effect of treatments, varietal response as well as 
interaction effect ( treatment x variety ) was found significant 
in all the characters studied, except varietal differences and 
interaction effects on the oil percentage and hecto-litre 
weight which were non-significant. The important data are 
briefly described below and are summarised in Tables 9 to 14. 
4,1,i Humber of pods per plant 
The treatment RcrPun S a v e tJie maximum number of pods per 
plant. The value differed critically from those for the rest 
of the treatments and was 107,9 per cent higher than the control. 
The two varieties tested, differed critically and Laha-10t 
produced 171
 # 2 per cent more pods than Peeli Sarson. 
Regarding the interaction effect, the combination N g ^ Q * 
Laha-101 showed the best response. However, it was equal to 
•63*1* 
the value given by ^ 4op4o x ^^a*"*01» ** m¥ °e added here that 
these two values differed critically from the rest of the 
combinations, f he lowest value was recorded with U Q P Q X Peell 
Sarson. It is Interesting to note that all the remaining 
values were critically different from one another (Table 9)# 
4.1*2 Number of seeds per odd 
i 
All the fertiliser combinations gave more or less equal 
effect on seed number per pod* However, the treatment 
^40*20 ® a v e tile ?naximuBl valuet which was 32*2 per cent higher 
than the control, 
Peell Sarson differed critically from Lala»lOl giving 
a 113,7 per cent higher value^ 
All the treatments including control gave higher values 
with Peeli Sarson compared to Laha-101, The combinations 
^40^20 x P e e l i s s r s o n an^ % 0 P 2 0 x ?ee3'* sa^so» gave the 
maximum number of seeds differing critically from rest of the 
values. However, for the ot&er variety the combination 
^60^40 x kaka""'*0', w a s ***** (fable 10), 
^•t«3 Steed yield 
treatment N ^ P ^ 0 gave the highest seed yield showing an 
increase of 42*5 per cent over control. However, it was 
equalled by the combinations MggP^Q and 840^20* 
Among the two varieties,j Laha-101 gave higher seed yield 
being 36,3 per cent more thaii that of Peeli Sarson, 
fable 9. Effect of different combinations of basal nitrogen 
and phosphorus 04 the number of pods per plant in 
two varieties of mustard 
Varieties 
treatments \ ,.• . • towm, 
Laha»10l Peeil Sarson 
HQPQ 186*000 47.606 116*833 
H 4 0P 2 Q 216*000 92*666 154.333 
H40p40 332*000 77.666 204.833 
N 6 oP 2 0 282.666 129.333 206.000 
%0 P40 335.000 151*000 243.000 
$ean 270*333 99*666 
H#B. Potassium was added uniformly to the soil at 40 kg K20/ 
hectare 
C*I)* at 5% 
treatment 4.012* 
Variety 2.537* 
treatment x variety 5.674* 
* Significant 
fable 10. Effect of different combinations of basal nitrogen 
ana phosphorus on the number of deeds per nod in 
two varieties of mustard 
Varieties 
treatments ,. .. .! •. .. . . Mean 
Lana*101i Peeli Sarsoa 
N Q P 0 9.666 21•333 15.900 
% % ft. 333 29.666 20.500 
3^40 12^66 25,333 19.000 
SgQPgQ 12.333 28.000 20.166 
%0 P40 14.666 25*333 20.000 
Mean 12*133 25.933 
N.B. Potassium was added uniformly to the soil at 
40 kg K^O^ectare 
'0.13. at 5% 
treatment 11.210* 
Variety 0.765 
3
 # treatment x variety ; 1.712 
# Significant 
i 
mti&Si&i&f 
The interaction % G P & A X I*aha-101 registered the highest 
value which was critically deferent from the others, The 
lowest yield w s recorded in! the interaction n^Q (control) * 
Peell Sarsen, It may he added here that all combinations, 
including control * gave higher values with I»aha*t01 showing 
a better yielding capacity of this variety over Peeli Sarson 
(Table 11)* 
4*1#4 Hec^o»litre weight 
the treatment K ^ Q P ^ gave the highest value showing an 
Increase of 9.1 per cent over the control* All the treatments 
gave values which were critically different from one 
another (fable 12)* 
4*1.5 Oil percentage 
the combination % Q P ^ gave the highest oil percentage 
in the seeds exceeding the control by a margin of 33.0 per cent» 
All the treatments differed (critically from one another (Table 13)* 
4.1.6 Oil yield 
For this character also, the combination ^ ^ L Q 
registered the highest value^ yielding 89-.6 per cent more oil 
as compared to the control. ;Rest of the combinations also 
showed critical differences amongst their values. 
Variety Laha*101 showed its superiority by yielding 
35:#5 per cent more oil than Peeli Sarson* 
table 11* Effect of different combinations of basal nitrogen 
and phosphorus on the seed yield in two varieties 
of mustard (kg/hectare) 
Treatments farieties 
Laha-101 Peeli Sarson 
Mean 
%0i2Q 
^ # 4 0 
1040*00$ 
1306,666 
1268.666 
1238*666 
1520*000 
626*666 
1056*666 
1106*666 
1036*666 
846*666 
833*333 
1181.666 
1187.666 
1137.666 
1183*333 
Mean 1274.800 934*666 
•mmmmm*. n n H|I i 
If.B* Potassium was added uniformly to the soil at 40 kg K20/ 
hectare 
treatment 
fariety 
treatment x variety 
* Significant 
C.D. at 5% 
36.775* 
23.259* 
52.008 
Table 12. Effect of different combinations of basal nitrogen 
and phosphorus on the hecto-lltre weight in two 
varieties of mustard (g) 
Varieties 
freatments , . . [ . . ' . ^ Mean 
Laha-101 Peeli Sarson 
HQPQ 632*345 632*276 632.310 
H 4 0P 2 0 675.611 675.533 675.572 
H40*40 690,435 690*305 690*370 
^60^20 642.400 642*360 642*380 
%03?4G 682.438 682*253 682,345 
Mean 664*645 664*545 
mmmtmmtmmm 
N*B. potassium was added uniformly to the soil at 40 kg K~0/ 
hectare 
G.B* at 5% 
Treatment 0.280 
Variety H.S. 
treatment x variety H*S* 
* Significant 
fable 13* Iffeot of different combinations of basal nitrogen 
and phosphorus on the seed o i l percentage in two 
var ie t ies of mustard 
Varieties 
Treatments . -• , ' . : .-
 Ll ,. „ „, Kean 
X#ha-101 f e e l i Sarson 
^ 0 P 0 30.206 30.186 30.196 
% P 2 0 3%066 3 5 # t 1 5 35*090 
%3?40 40,213 40.140 40.176 
%^>2 0 33.046 33*066 33.056 
n6<fkQ 5 8 * 0 5 3 3 S * 0 5 3 3 8 * 0 5 5 
Mean 35.317 35.312 
MiB* Potassium was added traifonnly to tne so i l a t 40 kg K-0/ 
hectare 
C.D. a t 5$ 
freatiaent 0.108 
Variety H.S. 
Treatment x variety , H.S. 
* significant 
•••65*» 
The interaction; ^ Q S W * &aha»101 gave the highest value 
which was critically different from the rest* It was followed 
toy the combination N ^ Q P ^ Q x Laha-1G1, fhe highest oil yield 
in Peell Sarson was obtained with N ^ Q P ^ Q * All the 
combinations gave higher oil yields with Laha«*101 as compared 
to Peeli Sarson, the lowest yield being recorded in the 
interaction H Q P Q X peeli Sarson (fable t4)* 
4*2 Experiment 2 
In this field experiment, laid according to split^plot 
P design, the effect of eight leaf-applied M,^and S combinations 
(sub plot treatments) in presence of two basal doses of 
nitrogen and phosphorus (main plot treatments) was studied 
on yield and yield attributing characteristics of Xaha-101* 
The effect of main plot as well as sub plot treatments 
was found significant in all the characters studied* The 
difference between two treatment means at the same level of 
basal or spray treatment was also significant in all the 
characters considered, except the number of seeds per pod. 
The important data are briefly described below and are 
summarised in Tables 15 to 20. 
4*2.1 Number of pods per plant 
The basal treatment ^ Q p g o S a v e "&& maximum number of 
pods per plant and registered an increase of 67,1 per cent 
over the other treatment ( N X Q P 1 0 ) * 
fable 14. Effect of different combinations of basal nitrogen 
and phosphorus on the oil yield in two varieties 
of mustard (kg/hectare) 
Treatments 
Varieties 
Laha-1011 Peeli Sarson 
Mean 
H0P0 
N 0 
%0P20 
%C^40 
314.152 
458.198 
510.161 
409.328 
578,432 
189.165 
371.014 
444.188 
342.818 
327.513 
251.659 
414.606 
477.174 
376.073 
452.973 
Mean 454.054 334.940 
N#S# Potassima was added uniformly to the soi l a t 40 kg K^O/ 
hectare 
freataaent 
Variety 
f reatraent % variety 
* Significant 
CD. at 5% 
13.852* 
8.761* 
19.590* 
a»Qf)«* 
The foliar treatment UBS produced maximum number of pods 
per plant. It differed critically from the rest of the 
treatments and showed an increase of 14.3 per cent over 
control (water). 
When the differences of main plot means (soil treatments) 
at the same level of sub plots (spray treatments) were taken 
into account* it was noted that all spray treatments, 
including control, gave higher values with % ( ^ 0 Qs compared 
to the values given by the corresponding sprays with $•*$*$• 
When the values for the> difference of spray treatment 
means at the same level of soil treatments were taken into 
consideration, it was found! that the treatment NFS gave the 
highest value with ^g^P^ and differed critically Irom the 
rest# The performance of the water*sprayed control was poorest 
hut its effect was equal to that of treatments P# S and NP, 
At N 3 0P^ 0 level* NS gave the maximum value* The control 
gave the lowest value (Table f$)» 
4*2*2 number of seeds per pod 
fhe basal treatment %^f 20 Sa^e the maximum number of 
seeds per pod and differed critically from the other level 
j 
^3(^1 <Pf rag*8*61***^ *» increase of &#3 p«r cent. 
The spray combination MP produced maximum number of seeds 
per pod showing an increase iof t2|5 per cent over control* 
However, it was equalled by JNP3, N and NS. Rest of the 
treatments gave more or less similar values (Table t6). 
fable 15. Effect of variious combinations of leaf-applied 
nitrogen, phosphorus and sulphur with two basal 
doses of nitrogen and phosphorus on the number of 
pods per plant in Laha-101 
Basal treatments (Main plot) 
Foliar treatments - Mean 
(Sub plot)
 N p 
30P10 n6(?2Q 
Water 
N 
P 
S 
H P 
N S 
P S 
H P S 
167.333 
183*666 
198.666 
194.333 
191.000 
199.333 
193.666 
196.666 
307.666 237.500 
322.000 252.833 
311.333 255.000 
312.333 253.333 
314.666 252,833 
318.000 258.666 
315.666 254.666 
346.666 271*666 
Mean 190.583 318*541 
N.B. Potassium was added uniformly to the soil at 40 kg K*0/ 
hectare 
C.D. at 53* 
Main plot treatment 6.841 
Sub plot treatment 5.436 
The difference of the mairi plot means 
at the same level of sub plot 9.373 
# 
the difference of the sub plot means
 # 
at the same level of main plot 7.688 
* Significant 
fable 16, Effect of various combinations of leaf-applied 
nitrogen* phosphorus and sulphur with two basal 
doses of nitrogen and phosphorus on the number of 
seeds per pod in Laha-tOi 
• a — i a a 
Foliar treatments 
(Sub plot) 
Basal ^treatments (Main plot) 
H30P1O n$(fzQ 
Mean 
Water 
N 
P 
S 
N P 
N S 
P S 
S P S 
9*000 
10.000 
9.333 
9.333 
9*666 
9*666 
9.000 
10,000 
9*666 
10.666 
10.000 
9.666 
11*333 
10*666 
9*666 
10.666 
9.333 
10.333 
9*666 
9.500 
10*500 
10.166 
9.335 
10*333 
Mean 9.500 10*291 
H» B. Potassium was added uniformly to the soil at kO kg E«Q/ 
hectare ' & 
Hain plot treatment 
Sub plot treatment 
The difference of the main \ plot means 
at the same level of sub plot 
The difference of the sub plot means at 
the same level of main plot 
G*D. a t 5% 
0.358* 
0.547* 
N*S. 
t 
H.3. 
Significant 
-67-
4.2.3 Seed yield 
The basal dose NggPpn registered the highest yield showing 
an increase of A3#7 per cent over the other fertiliser level 
<N30P10)' 
The foliar combination NFS gave the maximum yield showing 
an increase of 44.9 per cen$ over control. It differed 
critically from the rest of the values. 
When the differences of; main plot means (basal treatments) 
at the same level of sub plots (foliar treatments) were 
consideredt it was noted that all spray treatments (including 
control) gave higher values with N g ^ o t n a n t h e v a l u e s g*ven 
by corresponding sprays with M,QP^Q. 
When the values for the difference of spray treatment means 
at the same level of basal treatments were taken into account, 
it was found that the spray; combination JIPS gave the highest 
value with the basal dose ^ ^ 0 and °^^ e r e d critically from 
the rest. The minimum yield was recorded in the control. At 
the other basal level of N»JP10 also, the spray combination 
UPS proved best differing critically from others. Here also, 
the control gave the poorest! yield (Table 17). 
4.2.4 Heoto~litre weight 
The basal dose 8%Q&4Q gave the highest value showing an 
increase of 2.4 per cent over the other basal fertiliser level 
i 
of ^50^20* Bo*h th® values differed critically from one another. 
fable 17* Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur with two basal 
doses of nitrogen and phosphorus on the seed yield 
of Laha»101 (kg/hectare) 
Basal treatments (Main plot) 
Foliar treatments .- . . . Mean 
(Sub plot)
 % 
mtmmmmmmm 
30P10 n6€pZQ 
Water 
H 
P 
S 
n p 
N S 
P S 
N F S 
$26,666 
933*333 
893*333 
653,333 
1013.333 
9*6.666 
966.666 
1060.000 
lOSO.OO© 853*333 
1320.000 1126.666 
1253.333 1073.333 
1201*666 927.500 
1362*666 1180,000 
1274.666 1110.666 
1292.G00 1129.333 
1413.333 1236,666 
Mean 886.666 1274*708 
N.B. Potassium was added uniformly to the soil at 40 kg KUO/ 
hectare 
GmB. at % 
Main plot treatment 36.023 
Sub plot treatment 28*641 
# the difference of the main'plot means 
at the same level of sub plot 49*570 
fhe difference of the sub plot means
 # 
at the same level of main plot 40«£04 
* Significant 
-68-
The spray combination PS proved best, giving 9.1 per cent 
higher value than that for R alone which gave the lowest* It 
may be added here that the values given by the control were 
higher than those by N at both the basal fertiliser levels. 
The difference of two main plot means at the same level 
of eight sub plots showed that all spray combinations, 
including control, gave higher values with JNUQ^Q as compared 
to their respective values with Ng0P20* All these values 
differed critically from one another. 
When the values for the difference of spray treatment 
means at the same level of basal treatments were considered, 
it was noted that at ^ 5^20 3,evel o£ D a s s& fertiliser, the 
spray combination PS gave the highest value, differing 
critically from the rest. The minimum value was recorded with N. 
At N,J?t0 level also, the spray combination PS gave the highest 
value, differing critically from those given by other spray 
combinations. The lowest value was again recorded with 
N (Table 18), 
4,2,5 Oil percentage 
The basal treatment N 3 0P 1 0 recorded the, highest oil 
percentage in seeds showing an Increase of 8,4 per cent over 
the value of ®CQ&?O* %he values given by the two basal levels 
were critically different from one another, • 
The spray treatment PS produced seeds with maximum oil 
fable 18* Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur with two basal 
doses ©f nitrogen and phosphorus on the hecto-
l i t r e weight ±n!Laha»lG1 (g) 
Basal treatments (Kain p lo t ) 
Foliar treatments
 : ^ ^ ^ Mean (Sub plot)
 H 
mmm»*imimmm 
30^10 % # 2 0 
Water 678.126 642*143 660*135 
N 642,100 632.083 637*091 
F 690.130 678*100 684*115 
S 692*073 682*683 687*378 
U F 682*266 650,176 666*221 
H S 687*216 675.176 681*196 
P S 698*236 692*223 695*240 
N F S 690*076 678*076 684*076 
Mean 682*530 666*332 
4Mff*M*MMMl*tol**MM*M^^ 
N.B* Potassium was added uniformly to the soil at 40 kg K20/ 
hectare • 
Main plot treatment 
Sub plot treatment 
The difference of the main plot means 
at the same level of sub p3#t 
f he difference of the sub plot means 
at the same level of main plot 
* Significant 
;*>$* at 5% 
0*037* 
0*0$7* 
0.117* 
0.094 
•"•oy«» 
percentage, being 3!.7per pent higher than that found In the 
seeds given N spray which gave the lowest values at both 
fertiliser levels, 
Considering the differences of main plot means (basal 
treatments) at the same level of sub plot (fdliar treatments) 
it was noted that all spray]' combinationis (including control) 
gave higher values with W ^ 1 Q compared to their respective 
values with *%Q*20* A2,1 *h^se values differed critically from 
one another* 
When the values for thef difference of spray treatment 
means at the same level of basal treatments were taken into 
account, it was found that |&e spray combination PS gave the 
highest value at %0P 2o ^ e v ^ differing critically from the 
rest of the values, The minimum value at this level was 
recorded in $?• At N%QP*Q level of basal fertiliser, again 
the spray FS proved best anil differed critically from other 
treatments, the minimum value was recorded withH (fable 19), 
4,2.6 Oil yield 
fb& basal dose NgQp^ O ^ T e til® iaax*JBUJ0 °*3. yield per 
hectare showing an increase of 32.5 per cent over that given hy 
N3C^10# I h f i va3-ues a* feothj fert i l iser levels differed critically 
from one another* 
fhe spray treatment PS gave the highest oi l yield 
registering an increase of 6o#4 Pe^ <*enfc over control* However, 
fable 19. Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur with two basal 
doses of nitrogen and phosphorus on the oil 
percentage in iaha-101 
Basal treatments (Main plot) 
Foliar treatments ___ ; Mean 
(Subplot) ^ 
30^10 %OP20 
33.060 
30.040 
38.046 
38*066 
34.100 
34.980 
40,993 
36*020 
34*586 
31.516 
39.060 
39.556 
36*106 
36.996 
41.523 
38.043 
Water 
» 
F 
S 
If P 
N S 
PS 
U P S 
36.113 
32.993 
40.073 
41.046 
38.113 
39.013 
42.053 
40*066 
Mean 38.684 35.663 
if.B. Potassium was added uniformly to the soil at 40 &g K20/ 
hectare j 
C D . at 5$ 
# -Main plot treatment 0*068 
Sub plot treatment 0.O67 
the difference of the main plot taeans
 # 
at the same level of sub plot 0*107 
The difference of the sub plot means * 
at the same level of main plot 0*095 
* Significant 
*70* 
it was equalled toy the treatment UPS* The lowest yield was 
recorded in the control* 
When the differences of main plot means (basal treatments) 
at the same level of sub plots (foliar treatments) were 
considered, it emerged that all spray treatments,including 
control,gave higher values iktth %0p£Q than those given with 
^ O ^ O * 
When the values for the difference of spray treatment 
means at the same level of basal treatments were considered, 
it was noted, that,at N 5 ^ 0 *eve* of basal fertiliser, the 
spray combination PS recorded the highest value which differed 
critically from the rest* The minimum value was recorded in 
case of control* At N3GP,Q:level of basal fertilisert the 
spray NFS gave the highest Value which differed critically from 
the others. The minimum value was recorded with control (Table 20)* 
4»3 Experiment 3 
In this field experiment, laid according to factorial 
randomised block design, the effect of five selected leaf-
applied N,P and S combinations was studied on yield and yield 
attributing characters in fdur selected varieties of mustard 
namely, B*R-»40, Laha»tOt, T*%\ and Varuna# A basal dose of 
60 kg H, 40 kg P 20 5 and 40 kg K 2 0 / h e c t a r e ^ kept Qomtmt 
in all treatments* 
Table 20. Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur with two basal 
doses of nitrogen and phosphorus on the oil 
yield in l*aha»1<H (kg/hectare) 
Basal treatments (Main plot) 
Foliar treatments .: .'. . _ ... Mean (Sub plot) 
¥ater 
n 
p 
s 
® p 
si s 
p s 
N P S 
N30P10 
226,301 
307*933 
357*984 
268*176 
386#208 
369-322 
406.508 
424.717 
%0P20 
357.068 291*684 
396.530 352.232 
476.850 417.417 
457.433 362.804 
464.669 425*438 
450.201 409.762 
529*633 468.070 
509.085 466.901 
Mean 343.393 455*184 
N,B» Potassium was added uniformly to the soi l a t 40 kg KP0/ 
hectare 
CD. at 5% 
* Main plot treatment 13*649 
Sub plot treatment 11.038 
fhe difference of the main plot means
 # 
at the same level of sub plot 18.890 
fhe difference of the sub plot means 
at the same level of main plot 15*611 
* Significant 
# 
»f%m 
The effect of treatments* varietal response as well as 
interaction effect (treatment x Variety) was found significant 
in all the characters studied, except the number of seeds 
per pod where the interaction effects were non-significant. 
The important data are briefly described below and are 
summarised in fables 21 to ZBf 
4,3«i Mumbez* of nods per giant 
the treatment PS gave the maximum number of pods per 
plant. The value differed critically from those for the rest 
of the treatments and was f%f per cent higher- than the 
control (water)* 
The performance of all the four varieties differed critically 
from each other and Varuna produced f^»5 per cent more pods 
than 8*R*40 which produced the least* 
The combination PS x Varuna showed the best effect which 
differed critically from the* rest of the combinations* the 
combination water x B*R~40 recorded the lowest value (Table 21)* 
4,3*2 Humber of seeds per pod 
The treatment MS gave thfe maximum number of seeds showing 
an increase of 1$*f per cent; over the control and differing 
critically from the rest of the treatments which gave more or , 
less similar values* 
i*aha-1G1 differed critically from the rest of the varieties* 
which yielded almost similar values* It produced §'$* per cent 
more seeds (Table 22)* 
fable 21• Effect of various combinations of leaf««applled 
i • ' • • • • 
nitrogen, phospbbrus and sulphur on the number 
Of pods per plant in four varieties of mustard 
Foliar 
treatments 
8,1-40 
Varieties 
Laha-101 T-11 
Mean 
Varuna 
N P 
n s 
p s 
H P S 
387*333 39^666 400.333 394*333 393.166 
603*333 489J.333 469.333 534.333 534.083 
$56,000 585J.666 614.666 647.666 626.000 
420.666 618*000 599*666 1081.000 679.833 
480.666 648*666 579.000 515.333 555*916 
Mean 509.600 5461466 532.600 634*533 
N.B. A basal dose of 60 kg N, 40 kg P«0e and 40 kg K20/bectare 
was added laniformly ' • ' 3 
treatment 
Variety ' 
Treatment x variety 
* Significant 
C.$. at 5% 
14*|020* 
12.J540* 
28.io4l* 
Table 22. Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur on the number 
of seeds per pod in four varieties of mustard 
M««M«rtiwa«MmMi*M*IIWM«aa«*rilMMWMfert 
Foliar 
treatments 
Varieties 
B.R-40 £aha~1Q1 T-11 Varuna 
Mean 
Water 
N p 
N S 
P S 
IfPS 
11.666 
12.666 
14,000 
12*000 
12*333 
13*000 
14,000 
13*333 
13.000 
13.666 
12.000 
12.000 
13*333 
12.000 
13.000 
11.333 . 
12.000 . 
14.333 
12.000 
12.666 . 
12.000 
12,666 
13.750 
12.250 
12.916 
Mean 12.533 13.400 12,466 12.466 
N.B, A basal dose of 60 kgf'Ef*. 40 kg P50- and 40 kg K?0/hectare 
was added uniformly * 3 
Treatment 
Variety 
Treatment % variety 
* Significant 
CD^at % 
0*581* 
0.519* 
N.S, 
•72» 
4*3*3- Seed yield 
The foliar dose PS showed the highest seed yield which 
differed critically from the rest of the Values and registered 
an increase of W$& per cent} over the control,' 
Amongst the four varieties, T«lt yielded 16J5 per cent 
more than Laha-»101 which recorded lowest yield* The remaining 
two varieties yielded almostj equally* 
the interaction JSP x T*1H gave the highest yield which was 
statistically equal to the interaction NS x T*11« The values 
for these two interactions w^re critically different from those 
for the remaining interactions* The lowest yield was given 
by the combination water x Laiia«101 (Table 23)* 
4,3*4 Hecto-litre weight 
For this character also, the treatment PS recorded the 
highest value showing an increase of 2*2 per cent over control. 
All the treatments gave values which differed critically from 
one another, 
Varuna produced seeds which were 0*7 per cent heavier 
than the lightest of the four varieties, produced by T-11* 
The remaining two varieties &ave almost equal values. 
The interaction PS x Varuna yielded the heaviest seeds 
and this figure differed critically from the rest of the 
interaction values. Water X:T*11 gave the lightest seeds and 
this value was also critically different from all other 
interaction values (Table 24j), 
Table 23* Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur on the seed 
yield in four varieties of mustard (kg/hectare) 
MpMMMlltofllMfftfMlMip* 
Foliar 
treatments 
Varieties 
H*Mw«N*taMiMttM*' Mean 
B.R-40 Iaha-101 T-11 Varuna 
Water 
m 
P & 
N F S 
$247*333 959*000 
1611*666 1336*666 
1453*000 1441,333 
1542.333 1580.666 
1565.666 1491.666 
1282.666 1350.000 1209.750 
1791*353 1468,000 1551.916 
1763.000 1605*666 1565*750 
1608.000 1660*000 1597*750 
1633*333 1441.666 1533.083 
Mean 1484.000 13611*866 1615*666 1505.066 
iummtmmtmmnminit 
tf.B. A basal dose of 60 k§ Hf 40 fcg JLO,- and 40 kg K20/hectare 
was added uniformly ! ••* *• 
Treatment 
Variety 
Treatment x variety 
* Significant 
C.B* at 5% 
25.863* 
23*132* 
51.726* 
fable 24. Effect of various combinations of leaf-applied 
nitrogen* phosphorus and sulphur on the hecto-
litre weight In four varieties of mustard (g) 
Foliar 
treatments 
Water 
n P 
» $ 
P S 
U P S 
B.R-40 
684,243 
691.416 
695*243 
699*010 
693.676 
Varieties 
Laha-101 
686*283 
691*400 
694*593 
698*316 
692*360 
T~11 
682*116 
690*310 
694.383 
698,190 
692,316 
Varuaa 
687*266 
695*500 
696*376 
705.319 
698*278 
Mean 
684.977 
692.156 
695*149 
700.208 
694.157 
Mean 692*718 692*590 691.463 696.548 
NNtaMMMnMNMMM 
H.B* A basal dose of 60 leg |N» 40 kg P^O- and 40 leg K«0/hectare 
was added uniformly 
treatment 
Variety 
Treatment x variety 
• Significant 
C,f>* at 5% 
0.353* 
0 .30 
0*706* 
***73"* 
**3»5 Oil percentage 
the treatment PS gave the highest oil percentage and 
showed an Increase of W * ^ per cent over control. It differed 
critically from the rest of the treatments. 
Out of the four varieties taken, Varuna differid 
< critically from the rest,showing an increase of 1*3 per cent 
over Laha-101 and f-11 which produced equal but minimum values* 
fhe interaction PS x VaTuna gave the highest value, % 
will he interesting to add here that the interaction of 
PS with all the four varieties gave values which were higher 
the 
than the interaction values:of other treatments with/same 
varieties, fhe lowest value . was recorded in the interaction 
water x M l (Table 25). 
4.3.6 01* yield 
fhe treatment PS yielded M^ per cent more oil than the 
control and critically out yielded the others. 
411 the four varieties gave values which differed 
critically* f~11t which yielded maximum oil, gave $?#$ 
per cent higher value than fcaha~tOi which gave the minimum. 
PS x Varuna gave the maximum oil yield and the value 
differed critically from the; rest of the interactions, fhe 
minimum oil yield was recorded in the interatlon water x Laha-101 
which also differed critically from the rest (fable 26). 
fable 25« Effect of various combinations of leaf~applied 
nitrogen, phosphorus and sulphur on the oil 
percentage in four varieties of mustard 
Foliar Varieties 
treatments ^ '. , ,• ' ' Mean 
B.R~4o XahaMOl f*tt Varuna 
Water 
M F 
8 S 
P S 
U P S 
Mean 
38.520 
41.733 
42.306 
45.686 
42.273 
42.104 
38.500 
41*493 
42.086 
45.526 
42#106 
41.942 
38.046 
41.526 
42.073 
45.546 
42.026 
41.844 
39*073 
42.060 
42.546 
45.886 
42.540 
42.421 
38.535 
41.703 
42.255 
45^661 
42.236 
I 
If.B. A basal dose of 60 kgi9t 40 kg P?0- and 40 kg iUO/hectare 
was added uniformly 7 
Treatment 
Variety 
treatment x variety 
* Significant 
C.Di at 5% 
0.117* 
0.104* 
0.234* 
table 26t Effect of various combinations of leaf-applied 
nitrogen* phosphorus and sulphur on the oil 
yield in four varieties of austard (kg/heetare) 
Foliar 
treatments 
Varieties 
B.R~40 Iaha-101 f~1T Varum 
Mean 
Water 
N P 
N S 
P S 
U P S 
480,484 369*261 488*005 527.496 466,311 
672,602 554,625 743.881 617.445 647,138 
614.701 606*577 741,685 683.159 661,531 
704,654 719*644 732.392 761,717 729.602 
661.689 628*090 686.254 613*283 647.329 
Mean 626.826 575.639 678,443 640,620 
N,B, A basal dose of 60 kg H» 40 kg P«0- and 40 kg iC20/hectare 
was added uniformly . ' 
treatment 
Variety 
Treatment % variety 
* Significant 
C.B, at 5% 
3.933* 
3.517* 
7,866* 
74-
4.4 Experiment 4 
In this factorial randomised block design field experiment 
also* as in Experiment 3$ the effect of the same five leaf* 
applied N, P and S combinations was studied on yield and yield 
attributes in the same four varieties (B*R-40, Laha-101, T-11 
and Varuna). However, in this experiment, a lower basal 
nitrogen and phosphorus dose (40 kg N and 20 kg PpO^/hectare) 
was given alongwlth 40 kg KLQ/hectare, 
The effect of treatment, varietal response and interaction 
effect (treatment x variety) were found significant in all the 
characters studied, except the number of seeds per pod, in 
which case the effect of treatment as well as the interaction 
effect were found to be non-significant. The important data 
are briefly described below and are summarised in 
Tables 27 to 32. 
4.4.1 Number of pods per plant 
The treatment NP gave the maximum number of pods per plant, 
showing an increase of ©®«|S per cent over control. The value 
differed critically from other values. 40.1 the treatments 
were found to differ critically from one another. 
Varuna produced the maximum number of pods per plant, 
giving4f§f'i per cent more pods than Laha-101, which produced 
the least. All the four varieties differed critically from 
one another. 
*?5*» 
KS x Varana was found to be the best Interaction giving 
maximum number of pods per plants the effect differing 
critically from that of alii other interactions* the minimum 
number of pods per plant was recorded in the interaction 
water x Laha-»10t# and this value also differed critically 
from*the rest (Table 27)* 
4.4.2 Number of seeds per bod 
Varuna produced maximum; number of seeds per pod 
{giving 8,§ per cent more sfceds) and differed critically 
from other three varieties which produced almost equal 
number of seeds per pod (Table 28), 
4.4.3 Seed yield 
The treatment MS gave the highest seed yield and 
registered an increase of #§S*f per cent over control. 
Except the treatment W, which equalled US, ail other treatments 
differed critically from one another, 
Varuna gave the highest yield# producing |^i*iper cent 
more seed than B,R-40 which showed lowest yield. The 
remaining two varieties produced almost equally* 
The interaction NS x Varuna gave the highest yield* 
It was equalled only by the -interaction UP x Varuna^ all 
other interaction values being critically different from 
these two, the lowest seed jyield was recorded in the case 
of water x B.R-40, and this value also differed critically 
Table 27* Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur on the number 
of pods per plant in four varieties of mustard 
Foliar Varieties 
treatments ,, . . . :, , ,. .  •,„-„ Hean 
B«R~40 kaha*101 T**1t Varuna 
ii •I.I.I.HIK.IIHIH...I.II. rii.iimi-i.o in imii fin.) ,.» -i.wiiiin.iiM in': i.m. , i — . in. i. , . i „ .n min • .. . . im i . , . i . • . . . .MI .1 • - unim, 
Water 
H P 
M S 
F S 
N F S 
315.333 
414*000 
342.666 
508.000 
368*666 
255.000 
300,666 
316.000 
350*333 
373.000 
314.666 
702.666 
335.666 
382.333 
> 338*666 
333.666 
462.666 
773*666 
442*333 
420.333 
304*666 
490.000 
442.000 
420*750 
377*166 
Mean 389.733 335.000 414.800 488*133 
E*B* A basal dose of 40 kg>flf 20 Itg F^ O* and 40 leg K2Q/aeetare 
was added uniformly ^ 
C*D. at 5$ 
Treatment 14.417 
fariety 12.895 
Treatment x variety 28*834 
* Significant 
•* 
fable 2&. Effect of various combinations of leaf ^applied 
nitrogen* phosphtipus and sulphur on the number 
of seeds per pod in four varieties of mustard 
Foliar • 
treatments 
Water 
ft P 
R S 
P S 
N PS 
B.H-40 
11.333 
11,333 
12*000 
11*666 
11.666 
farieties 
kanaflOl 
11*333 
12,333 
11,333 
12,000 
11*666 
i-11 
10.333 
11*333 
11.666 
11.000 
11.333 
Varuna 
12*000 
12.000 
12.666 
12.000 
iZ+QQO 
Mean 
11.250 
11*750 
11*916 
11,666 
11,666 
Mean 11*600 11.733 11,133 12.133 
I,B. A basal doae of 40 k^ K, 20 kg P2QS and 40 kg %0/bectare 
was added naif onalv 3 
Treatment 
Variety 
Treatment % variety 
* Significant 
0,13. at 5% 
&«S. 
;0.J592* 
M.S. 
'76<* 
from the other interaction values* It may be added here that 
Varuna gave the highest yields with all the treatments, 
including control, as compared to the other varieties (facie 29)* 
4*4,4 Hectolitre weight 
The treatment PS recorded the highest value showing an 
increase of 2,f per cent w e r control* Xt differed 
critically from the rest of(the treatments. 
Varuna again proved better and produced seeds 0*6 per cent 
heavier than f*»11 which gave the lowest value* All the 
varieties differed critically from one another* 
fhe interaction PS x Varuna proved best and was critically 
different from the rest* The interaction water x, T»11 gave 
the lowest value. Here again,the interaction of PS with all 
the varieties gave higher values as compared to the interaction 
of other treatments with corresponding varieties (fable 3 0 ) . 
4*4,5 Oil percentage 
fhe treatment PS produced seeds with highest oil percentage 
showing an increase of If *i' per cent over control. It 
differed critically from the rest of the treatments. 
For this character also $ Varuna proved better» its seeds 
containing 2*2 per cent more oil than those of Laha*101 and 
T-11 both of which gave equally low percentage* 
fhe interaction PS x Varuna gave the highest oil 
percentage which differed critically from all other interaction 
fable 29* Effect of various combinations of leaf-applied 
nitrogen, pho^horus and sulphur on the seed 
yield in four varieties of mustard (kg/hectare) 
foliar 
treatments 
Varieties 
B*R~40 lahaMOl f»i l Varxma 
Mean 
Water 
ti P 
K S 
P S 
U P S 
448.333 646.000 562*000 900*000 639.083 
803*333 859.333 841,000 1162*666 916*583 
841,666 857.666 796.000 1179.333 918*666 
666.666 802.666 706.000 969.000 786*083 
806.666 663.333 864,666 974.533 827.250 
Mean 713*333 765.800 753*933 1037*066 
M*B* A basal dose of 40 kg $ t 20 kg P20g and 40 kg lUO/heetare 
was added uniformly * ' 
Treatment 
Ifariety 
Treatment,x variety 
* Significant 
0.B. a t 5% 
18.172* 
16*253* 
36*344 
Table 30. Effect of various combinations of leaf-applied 
nitrogen* phosphorus and sulphur on the hecto-
litre weight in four varieties of mustard (g) 
Foliar Varieties 
treatments _. . - .. . , ,. . Mean 
Water 
H P 
n s 
p s 
U P S 
B.R-40 
676.233 
684.373 
687.410 
695.460 
687.566 
Laha-101 
675.J333 
685.243 
686 .'266 
692.410 
686jb6$ 
T-11 
675.216 
680.193 
686.516 
692.350 
686.383 
faruna 
678.243 
687.333 
690.283 
698.143 
690.403 
676.256 
684.285 
687*644 
694.590 
687.705 
Sean 686.208 685.^144 , 684.132 688.901 
UTini — r — — m i •IIIIIIIW mmmmtmmtITJII iiim in—i»—im«i«nM \mmmmmmmmmmmmmmmmim*mmmmmmmm*immmm*~m*mmmm*m!mmmmm 
M.B. A basal dose of 40 &g I, 20 kg P20c and 40 kg K^O/hectare 
was added uniformly 4 p 
CD.: at 5% 
Treatment 0.23>4 
Variety 0.209 
Treatment x variety 0.468 
* Significant 
77 ><^~?A-0^fe 
Uiff Ace No. > 
1
 -^2.Q.V5....... >* 
. y^y 
values. The lowest oil percentage was recorded in water 
x Laha-101 and water x T-11 interactions. It was found that 
the interaction of PS with all the varieties produced seeds 
with highest oil percentages as compared to other 
treatments (Table 31). 
4.4.6 Oil yield 
The treatment NS registered the highest oil yield 
showing an increase of 64,9- per cent over control. The 
value differed critically from the rest of the values. 
Again, the variety Varuna maintained its superiority 
over other varieties and produced § # # per cent more than 
B.R-40 which gave the lowest oil yield. It also differed 
critically from all other values. 
NS x Varuna recorded the highest oil yield. It differed 
critically from the other interaction values. The lowest 
oil yield was given by the interaction water x T-11, and 
this value also was critically different from the others 
(Table 32). 
4.5 Experiment 5 
In this field experiment on Laha-101, laid according 
to factorial randomised block design, the treatments 
consisted of the same five foliar N, P and S combinations 
as in Experiments 3 and 4. Spraying was also done twice 
but either at 50 and 70, 50 and 90 or 70 and 90 days after 
sowing. The observations included yield and yield 
Table 31. Effect of various combinations of leaf -applied 
nitrogen, phosphorus and sulphur on the oil 
percentage in four varieties of mustard 
Fol i a r 
t reatments 
Water 
N P 
N S 
P S 
H P S 
B,R*40 
35.473 
39.553 
40.526 
42.253 
40.500 
Var ie t ies 
LahaMOl 
35.066 
39.106 
40.106 
42.060 
40.360 
T-.11 
35.066 
39.053 
40.093 
42v06? 
40.113 
Varuna 
36.089 
40.106 
41.053 
42.486 
41.093 
Mean 
35.423 
39.455 
40.445 
42.216 
40.516 
Mean 39.661 39.340 39.278 40,165 
N.B. A basal dose of 40 kg Nt 20 kg P^ O,. and 40 kg KgO/hectare 
was added uniformly 3 
Treatment 
Variety 
Treatment x variety 
* Significant 
CD,: at 5% 
0.101* 
0.090* 
0.202 
Table 32. Effect of various combinations of leaf-applied 
nitrogen, phosphorus and sulphur on the oil 
yield in four varieties of mustard (kg/hectare) 
Fol i a r 
t reatments 
Water 
K P 
N S 
P S 
M P S 
Mean 
B.R-40 
159.185 
317.475 
341.094 
281,700 
326,698 
285.230 
Var ie t ies 
Laha~1G1 
226*530 
336.067 
344.2I35 
337.592 
265.953 
302.055 
T-11 
197.075 
330.439 
319.151 
296,990 
346.851 
298.101 
Varuna 
324,790 
466,313 
484,154 
411,701 
400,390 
417.470 
Mean 
226,895 
362,573 
372.133 
331.996 
334.973 
N.B. A basal dose of 40 kg:Np 20 kg P20g and 40 kg K20/hectare 
was added uniformly 
Treatment 
Variety 
Treatment x variety 
* Significant 
CD,, at 5% 
7.279* 
6,511 
14.559* 
**78*» 
attributing characteristics; A basal dose of 60 kg N* 
20 kg PgOc and 40 kg K20/he£tare was applied uniformly to 
all plots* 
The effect of treatment! combinations of growth stages 
as well as of their interaction { treatment x growth stages 
combination) was found significant in all the characters 
considered, except the number of seeds per pod; in which the 
interaction effect was found nonsignificant* The important 
data are briefly described below and are summarised in 
fables 33 to 38* 
4.5*1 Number of pods per plant 
The treatment MPS registered the highest number of pods 
on per plant basis showing an increase of §£*0per cent over 
control* All the treatments differed critically from one 
another in this respect* 
The combined spray at 5© and 70 days gave the best 
results, producing fiyrper cent more pods than the spray at 
70 and 90 days which produced the least pods* 
The interaction PS x (5© & 70 days) gave the highest 
value, equalled only by HS> x (50 8c 70 days). The minimum 
number of pods were produced by the interaction water x 
(50 & 70 days) spray and differed critically from the rest 
of the interaction values (Table 33)* 
Table 33. Effect of various leaf -applied combinations of 
nitrogen, phosphorus said sulphur on the number 
of pods per plant in Laha~101 
Foliar Foliar combinations (days after sowing) 
treatments . \ Mean' 
Water 
UP 
N S 
P S 
OS 
(50 & 70) 
314.353 
582.333 
437*666 
592.666 
537.333 
(50 & 90) 
345.000 
|t64.666 
£68.666 
501.000 
561.666 
(70 & 90) 
392*666 
408.333 
444*000 
409.000 
532.333 
350,666 
485.111 
450.111 
500.888 
543.777 
Mean 492.866 468.200 437*266 
I.E. k basal dose of 60 kg.N, 20 kg P205 and; 40 kg K?0/hectare 
was added uniformly • ? 
C D . at 5% 
Treatment 13* 424 
Combination 10.398 
Treatment x combination 23.251 
* Significant 
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4»5«2 Number of seeds per pod 
The treatment H P S produced maximum seeds per pod• This 
effect differed critically from those of the remaining 
treatments, which gave more; or less equal values, and showed 
an increase of $«fj) per centi over controls 
The spray at 50 and 70 days after sowing appeared best, 
giving %Jk per cent more seeds than the least value given 
by spray at 70 and 90 days combination* the effect of all 
the spray combinations differed critically from one another 
(Table 34). 
*»5«3 Seed yield 
The treatment M P S recorded the highest yield, being 
14«© per cent more than the control. A H the treatments 
differed critically from one another in this respect* 
Spray at 70 and 90 days- recorded the highest yield, 
producing $&#per cent more seed than the spray at 50 and 
90 days after sowing* All the values differed critically 
from one another* 
H P S x (50 & 70 days) proved to be the best interaction 
and its value differed critically from the rest of the 
interaction values* The minimum seed yield was recorded in 
the interaction water x (50 St 70 days) and it also differed 
critically from the rest (Table 35). 
Table 34. Effect of various leaf^applied combinations of 
nitrogen* phosphorus and sulphur on the number 
of seeds per pod,in Laha-101 
Foliar Foliar combinations (days after sowing) 
treatments .- . . •' • • • • Mean 
(50 & 70} (50 & 90) (70 & 90) 
11.666 12.222 
12.000 12.555 
Water 
N P 
N S 
P S 
U P S 
12.666 
13.000 
13.000 
12;6S6 
14.333 
12.333 
12.666 
12.333 
12.666 
13.333 
12*000 12.444 
12*000 12.444 
12*333 13.333 
Mean 13.133 12.666 12*000 
M.B. it basal dose of 60 kg M§ 20 kg P20,- and 40 kg K20/hectare 
was added uniformly ** 
C.D. at 5% 
freatment 0.532 
Combination 0.412 
Treatment x combination N.S. 
* Significant 
Table, 35. Effect of various leaf-applied combinations of 
nitrogen, phosphorus and sulphur on the seed 
yield in Laha-101 (kg/hectare) 
Foliar Foliar combinations (days after sowing) 
.treatments ; . , , . Mean 
(50 & 70) (50 & 90) (70 & 90) 
Water 881*666 ,903.333 940.000 908.333 
KP 1128.333 990,000 1043.000 1053.777 
H.S 948.333 . 960,000 1115.000 1007.777 
Pi 960.000
 : 933.333 1065.000 .986,111 
U P S 1240.000 1003.333 1160,000 1134,444 ' 
Mean 1031.666 \ 958,000 1064,600 
K,B. A basal dose of 60 kg N, 20 kg P?0,- and 40 -kg K„0/hectare 
was added uniformly * * 
Treatment 
Combination 
Treatment x combination 
* Significant 
'C.B. at 
, 19.090* 
14.787* 
33.065* 
-80* 
4*5*4 Hecto-litre weight 
The treatment P S gave the maximum value, producing 
t*i per cent heavier seeds than the control* A H the 
treatments differed critically from one another* 
The combination 70 and 90 days showed a slight Increase 
of 0,05 per cent over the other two combinations which 
equalled one another* 
The interaction P S x (70 & 90 days) gave the highest 
value which differed critically from all other values* fhe 
lowest hecto-litre weight was obtained with the interaction 
waterx(50 & 70 days)* The Interaction of P S with all the 
three spray combinations recorded higher values as compared 
to values of other treatments with corresponding 
combinations of spray (fable 56). 
^•5*5 Oil percentage 
fhe treatment P S gave the highest oil percentage and 
registered an increase of W*$ per cent over control* All 
the treatments differed critically from one smother.in their effect. 
The spray at 70 and 90 days after sowing gave the 
highest oil percentage, belhg 0*5 per cent more than that of 
spray at 50 and 70 days* However, all the values differed 
critically fro® one another]* 
Regarding the interaction effect, P S x (70 & 90 days) 
recorded highest oil percentage while water x (70 & 90 days) 
gave the lowest percentage. It is interesting to note that 
Table % • Effect of various leaf-applied combinations of 
nitrogen, phosphorus and sulphur on the hecto-
litre weight in taha~101 (g) 
Water 
K P 
n s 
p s 
5 P S 
642.300 
675.376 
680.438 
701.493 
685.603 
642.526 
675.604 
682.571 
699.313 
685.538 
Foliar Foliar combinations (days after ssowing) 
t r e a t m e n t s z '':..' • ' : • - Mean 
(50 & 70) (50 & 90) (70 & 90) 
642.685 642.503 
675*485 675.488 
680.500 681.170 
703.226 701.344 
685.310 685.483 
Mean 677.042 677.110 677*441 
H.B.« A basal dose of 60 kg N» 20 kg P?0,. and 40 kg K20/hectare 
-ms added uniformly J 
C D . at 5% 
Treatment ; 0.291 
Combination 0.226 
* 
Treatment x combination ! 0.505 
* Significant 
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the Interaction of PS with all the spray combinations 
registered higher values as compared to the interaction 
of other treatments with corresponding combinations of 
spray (Table 37)* 
^*5#6 Oil yield 
The treatment PS gave the highest value/ yielding 
W®M• per cent more oil than the control. All the treatments 
were found to differ critically from one another in their 
effect on this character. 
The spray at 70 and 90 days after sowing gave the 
highest oil yield showing an increase of t©J9 per cent over 
the spray at 50 and 90 days which gave the lowest value. 
All the combinations differed critically from one another 
in their effect, 
PS x (70 & 90 days) yielded maximum oil and differed 
critically from the rest in this respect* The minimum yield 
was recorded In water x (50 & 70 days)(Table 38)» 
4,6 experiment 6 
In this field experiment, laid according to split-plot 
design, the effect of two selected combinations of basal 
nitrogen and phosphorus* in] presence of a constant dose of 
potassium, was studied on yield and yield attributes in ten 
mustard varieties. There were thus two main plots and tea 
sub plots, comprising two levels of basal fertilisers and ten 
varieties, respectively. 
Table 37. Effect of various leaf-applied combinations of 
nitrogen, phosphorus and sulphur on the oil 
percentage in Laha-101 
Foliar 
treatments 
Water 
N P 
N S 
P S 
U P S 
Mean 
Foliar combinations (days 
(50 & 70) 
33*026 
35*053 
37.046 
43.500 
39.046 
37.534 
(50 & 90) 
33.080 
35.073 
38.033 
43.033 
38.940 
37.632 
after sowing) 
(70 & 90) 
32.993 
35.086 
37.026 
44,506 
39.086 
37.740 
Mean 
33.033 
35.071 
37.368 
43.680 
39.024 
N.B. A basal dose of 60 leg N» 20 kg P^O- and 40 kg K20/hectare 
was added uniformly ' 
C D . at 5% 
' * 
Treatment 0.070 
i * Combination 0.054 
# Treatment x tssomftination 0.121 
* Significant 
Table 38. Effect of various leaf-applied combinations of 
nitrogen, phosphbrus and sulphur on the oil 
yield inLaha-lO;i (kg/hectare) 
m»pm**m*m#** 
Foliar Foliar combinations {days after sowing) 
treatments . . -. , . ... Mean 
(50 & 70) (50 & 90) (70 & 90) 
Water 
HP 
N S 
P S 
N P S 
291.198 
434,652 
315.319 
417.601 
440.580 
298.042 
352.041 
355.458 
415.393 
386.962 
310,964 300,065 
406,844 397.845 
424.064 364,947 
458.304 430.433 
406.141 411,228 
Mean 379.870 361.579 401.264 
If,3, A basal dose of 60 kg N, 20 kg P 20 5 and 40 kg K20/hectare 
was added uniformly 7 
C D . at 5? 
Treatment 7.092 
Combination 5.493 
.# 
Treatment x combination 12,284 
* Significant 
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flie values for main plots as well as sub plots were found 
significant in all the characters considered* The difference 
of the main plot means at the same level of sub plot and vice* 
versa were also significant*- the important data are Briefly 
described below and are suiamarlsed in fables 39 to 44# 
4,6*1 Number of pods per plant 
* he treatment f t ^ gave higher number of pods per plant 
showing an increase of ^ ^ per cent over the other dose 
^40^20* Bo*a tna va3*ues Pilfered critically from one another, 
fhe variety fUL-18 produced the maximum number of pods 
giving |li;|4per cent more pods than B-85 which gave the least. 
The values given by all the varieties differed critically from 
one another* 
When the differences of jiaain plot means (soil treatments) 
at the same level of sub plots (varieties) were taken into 
accountt it was noted that all the varieties gave higher values 
with % Q P 4 O as c 0 mP a r e !* *° 1&e values given by the same 
varieties with H ^ P ^ i 
When the values for the difference of variety means at 
the same level of soil treatment were taken into consideration! 
it was found that R.L-18 gave the highest value with M g ^ 0 
and differed critically froi the rest of the varieties. At 
this level of fertiliser! the minimum number of pods were 
produced by B-85# At N^P^e level also, R*L-18 produced the 
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maximura pods whereas the minimum pods were produced by B.R«*40. 
All these values were critically different (Table 39 )•• 
4,6.2 Number of seeds per pod 
The fertiliser dose NggP^ recorded the highest value 
showing an increase of &$ per cent over N40P2O* These 
values differed critically from one another. 
R,L~18t equalled by Pataa-21, R.S-3» T-»t6 and Varuna, 
produced the maximum number of seeds per podf giving 
%t\ P©** cent fcore seeds than App. Mutant which gave 
minimum. 
The difference of two main plot means at the same 
level of ten sub plots showed that all the varieties gave 
higher values with K Q Q ^ Q as compared to the corresponding 
values with ^ufoo* W h e n tfte va3-ues *or "fchte difference of 
sub plot means at the same level of main plot were taken 
into consideration, it was found that R.L-18 gave the 
maximum number of seeds at N g ^ O ^ eve^ of fertiliser. The 
minimum value was recorded in App, Mutant and B-85. At 
^4(^20 leve3*> K# Amphidiploid gave the lowest value, equalled 
by App* Mutant and T-11# The highest value was recorded in 
R,L~18 and T-16 (Table 40), 
4,6.3 Seed yield 
The fertiliser dose N50P40 registered highest yield 
showing an increase of M*4= per cent over the other dose 
Table 39* Effect of two combinations of basal nitrogen and 
phosphorus on the ntamber of pods per plant in 
ten varieties of mustard 
Varieties Basal treatments (Main plot) 
(Sub plot)
 rmmm. ^^mmmMmm^^mmm^m M e a n 
^40*20 H&UO 
App. Mutant 
B-85 
B.R-40 
K« Amphidlploid 
Patan-21 
R.L*18 
R.S-3 
T-11 
T-16 
Varuna 
135.330 
111*000; 
104.666 
208.333 
198.666 
287.666 
190.666 
120.333 
263.666 
179.333 
141.000 
120.666 
255.000 
247.666 
264.666 
311.000 
223.333 
269.333 
283.333 
295.333 
138.166 
115.833 
179.833 
228,000 
231.666 
299.333 
207.000 
194.833 
273.500 
237.333 
Mean 179.966 241.133 
N.B. Potassium was added uniformly to the soil at 40 kg K«0/ 
hectare 
C D . at 5% 
Main plot treatment 1.684 
Sub plot treatment 3.315 
The difference of the main plot means
 # 
at the same level of sub plot 4.675 
The difference of the sub plot means
 # 
at the same level of main plot 4.689 
* Significant 
Table 40. Effect of two combinations of basal nitrogen and 
pho sphorus on the number of seeds per pod in ten 
varieties of mustard 
Varieties Basal treatments (Main plot) 
(Sub p l o t ) ' . Mean 
N40P20 *%ofyo 
App. Mutant 10,000 10.666 10.335 
B-35 10.333 10.666 10.500 
B.R-40 10.666 12.000 11.333 
K. Araphidiplold 10.000 11,666 10.833 
Patan-21 10.666 12.666 11.666 
R.L-18 11.000 13,000 12,000 
R.S~3: 10.666 12,666 11.666 
T-11 10.000 12,000 11.000 
T-16 11.000 12.333 11,666 
Varuna 10.666 12.666 11,666 
Mean 10.50Q 12,033 
in .i tm mfmmmtmmn »« • • • ' • « mil i_ iu» i limn II nil n n. i m I • — m m m • mi m i l — — — — 
N,B. Potassium was added uniformly to the s o i l a t 40 kg K20/ 
hectare 
C D . a t 5% 
Main plot treatment 0.517 
Sub plot treatment 0.521 
The difference of the main plot means
 # 
at the same levelof sub plot 0.830 
The difference of the sub plot means * 
at the same level of main plot 0.737 
* Significant 
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^40^20* V a l u e s given by both fche doses differed critically 
from one another. 
,RfL»t8 yielded best, producing |]^.$ per cent more seed 
than B-85, which gave the lowest yield. It also differed 
critically from the rest* 
Regarding the differences of main plot means at the 
same level of sub plots, it was noted that all the varieties 
gave higher yields with % Q P 4 ) as compared to their yields 
at H ^ 2 0 level. 
When the comparison of sub plot means at the same level 
of main plots was considered* it was noted that at ^ 5^40 
level, R»L*18 yielded best, jflowever, it was equalled by 
Varuna. fhe yields of these two varieties were critically 
different from those of others. The lowest yield was 
recorded in B-85 which also iiiffered critically from other 
varieties in this respect. At ^ 4^20 levei» R»k-18 yielded 
best and differed critically from the rest of the varieties. 
The lowest yield was given by B»85 and differed critically 
from others (Table 41 )• 
4.6.4 Heoto~iitre weight 
The treatment ^ 0*20 6ave °«8 P e r cen^ M^ter value 
than the other treatment, % Q P 4 O * Bo*k "fcile v a l u e s differed 
critically from one another* 
Among the varieties, Varuna recorded the highest value, 
Table 41. Effect of two combinations of basal nitrogen and 
phosphorus on the seed yield in ten varieties of 
mustard (kg/hectare) 
Varieties 
(Sub plot) 
App. Mutant 
B-85 
B.R-40 
K. Amphidiploid 
Patan-21 
R.L-18 
R.S-3 
T-11 
T-16 
Varuna 
Basal treatments 
nb(?2Q 
615.333 
370.666 
434.333 
1322.666 
1131.000 
1622.33(3 
1050,666 
551.333 
1494.333 
1017.000 
(Main plot) 
N60P40 
693.000 
398.000 
1501.000 
1402.666 
1507.000 
1705.666 
1295.666 
1501.333 
1601.000 
1704.000 
Mean 
654.166 
384.333 
967.666 
1362.666 
1319.000 
1664.000 
1173.166 
1026.333 
1547.666 
1360.500 
Mean 96O.966 1330,933 
N.B. Potassium was added uniformly to the soil at 40 kg K20/ 
hectare 
C.D. at 5% 
# 
Main plot treatment 9.I61 
Sub plot treatment 11.101 
The difference of the main plot means . * 
at the same level of sub plot 16.857 
The difference of the sub plot means * 
at the same level of main plot 15.700 
'* Significant 
*»85*» 
giving 0,6 per cent heavier seeds than App« Mutant and R*S-*3 
which gave the lowest value* Its value differed critically 
from those of others. 
When the differences of main plot means (basal treatments) 
at the same level of sub plots (varieties) were considered, it 
was found that all the varieties gave higher values with 
N^20 compared to their respective values with N ^ * 
When the values for the difference of variety means at 
the same level of soil treatments were considered, it was 
noted that at % Q ? 4 0 level, B*85 gave the highest value while 
the lowest value was recorded in fUS-3, At N - Q P ^ Q level, 
Varuna gave the highest value^ differing critically from all 
other varieties in this respect, The lowest value at this 
level also was recorded in R*S-3 (Table 42), 
4.6*9 Oil percentage 
The basal dose N ^ Q P ^ Q produced seeds with higher oil 
percentage, showing an increase of 7.1 per cent over those 
given by H ^ . The values of both the treatments differed 
critically from one another* 
Varuna recorded highest oil percentage, giving 2*8 per cent 
higher value than App. Mutant and R.S-3 which gave the lowest 
percentages. It also differed critically from the rest of the 
varieties in this respect* 
When the differences of main plot means at the same level 
Table 42. Effect of two combinations of basal nitrogen and 
phosphorus on the! hecto-litre weight in ten 
varieties of mustard (g) 
Varieties 
(Sub plot) 
App. Mutant 
B-85 
B.R-40 
K. Amphidiploid 
Patan-21 
R.L^IS 
R.S*»3 
T-11 
T-16 
Varuna 
Mean 
Basal treatments (Main plot) 
N4QP20 
68§|083 
682.383 
684,500 
682.433 
682.310 
• 682,400 
682.076 
682.783 
682,666 
687.210 
683.084 
t^AO 
675.170 
678.400 
676.510 
678.303 
678.166 
678.133 
675.050 
675.683 
678*266 
678.366 
677.205 
Mean 
678.626 
680.391 
680,505 
680.368 
680.238 
680.266 
678.563 
679.233 
680.466 
682.758 
N.B. Potassium was added uniformly to the soil at 40 kg K20/ 
hectare 
C D , at 5% 
Main plot treatment 0.111 
Sub plot treatment 0.243 
The difference of the main; plot means
 # 
at the same level of sub plot 0.339 
The difference of the sub plot means
 # 
at the same level of main plot 0.343 
* Significant 
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of sub plots were considered, it was found that all the 
varieties gave higher oil percentage at N ^ Q ^ O level of basal 
fertiliser as compared to the corresponding values at 
• W 4 0 Xevel* 
When the values for the difference of variety means at 
the same level of basal treatments were considered, it was 
found that at Ngg^o level, J8-65 and Patan-2t equalled each 
other in giving the highest lvalues. The minimum value was 
recorded in the case of App, Mutant* At N ^ P 2 Q level of 
basal fertiliser, Varuna gave the highest value, which 
differed critically from the rest* The lowest oil percentage 
was found in App, Mutant and K, Amphidiploid (Table 43 )• 
4,6,6 Oil yield 
The treatment N^QP^Q recorded an increase of 2$»^per 
cent in oil yield over the bther dose ( N ^ a o K the two 
values differing critically from one another, 
R,L»18 gave the highest oil yield, giving §l?;9per cent 
more than B-85 which registered the lowest yield. It also 
differed critically from the rest. 
Considering the differences of main plot means at the 
same level of sub plot, it was noted that all the varieties 
yielded more oil at % Q P 4 0 i e v e l o f fertiliser as compared 
to their yields at N ^ Q ^ O i-evel; * 
When the values "for thfe difference of sub plot means 
at the same level of main plot were considered, it was 
Table 43• Effect of two combinations of basal nitrogen and 
phosphorus on the oil percentage in ten varieties 
of mustard 
Varieties Basal treatments (Main plot) 
(Sub plot) . Mean 
^0*20 ^ O ^ O 
App* Mutant 38.040 
B-85 38.100 
B.R-40 38.546 
K. Amphidiploid 38.040 
Patan-21 38.080 
R.L-18 38.113 
R.S-3 38.066 
T-11 38.206 
T-16 38.146 
Varuna 39.060 
34.993 
36.100 
35.353 
36.013 
36.100 
36.066 
35.046 
35.153 
36.080 
36.066 
36.^6 
37.100 
36.950 
37.026 
37.090 
37.090 
36,566 
36.680 
37.113 
37.563 
Mean 38.240 35.697 
N.B. Potassium was added uniformly to the soil at 40 kg K20/ 
hectare 
C.D. at 5%' 
Main plot treatment 0.042 
Sub plot treatment 0.060 
The difference of the main plot means * 
at the same level of sub plot 0.088 
The difference of the sub plot means
 # 
at the same level of main plot 0.084 
Significant 
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noted that, at %^*4o levei ofj ^ ©al fertiliser, < .R*L»18 
gave the highest oil yield, differing critically from other 
varieties* fhe lowest yield was recorded in case of B*85 
which also differed critically from all other varieties* 
At ®i$?2Q *®ve** R*V18 gave the highest yield and the value 
differed critically from the |rest» the lowest oil yield was 
recorded in B-85 which also differed critically from other 
varieties in this respect iTable 44)» 
\ 
Table 44. Effect of two combinations of basal nitrogen and 
j • • • - . . ' . . 
phosphorus on the toil yield in ten varieties of 
mustard (kg/hectare) 
Varieties 
(Sub plot) 
App. Mutant 
B»»85 
B,R-40 
K. Amphidiploid 
Patan«2l 
R.L-18 
RtS-»3 
T-11 
T-16 
Varuna 
Mean 
Basal?treatments (Main plot) 
n
^zoi 
234,034 
141,2211 
167,418 
503.1$ 
430.685 
613.328 
399*956 
210,644 
570,036 
397.234 
367.269 
^ © ^ O 
242,506 
143,680 
530.653 
505,145 
544,030 
615.176 
454.090 
527.768 
577.641 
614.577 
475.526 
Mean 
238.270 
142,451 
349,305 
504.142 
487.357 
616.752 
427.023 
369.206 
573.838 
505.905 
K.B. Potassium was added uniformly to the soil at 40 kg lUG/ 
hectare 
C D , at 5% 
Main plot treatment 3*585 
Sub plot treatment 4,315 
The difference of the main^plot means
 # 
at the same level of sub piot 6.563 
The difference of the sub plot means
 # 
at the same level of main plot 6,103 
* Significant 
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DISCUSSION 
5*0 Introduction 
Nature has gifted mother earth amply with all the 
essential elements which influence the growth and nutritional 
value of plants. However, it cannot he depended upon all the 
time to supply the essential nutrients tor growing crops* 
For Instance, continuous cropping, without timely replacement 
of plant nutrients in adequate quantities, is known to result 
directly in depletion of the production potential of the soil. 
Thus, the return to the soil of plant nutrients removed by 
crops, becomes essential falling which nature falls short In 
providing man with the quality and the quantity of food he 
needs, ^he practice of application of fertiliser to the soil 
reasonably helps to resolve the problem of soil fertility and, 
thereby, to augment agricultural production. However, equally 
Important is the fact that a considerable fraction of the 
basal fertiliser is rendered useless for the crop by rapid 
fixation and leaching (Bould, 1963)* 
The exhaustive reviews on foliar fertilisation by 
Sllberstein and Wittwer (I951)t Boynton (1954), Wlttwer and 
Teubner (I959)t De (1971) and Afrldl and Wasiuddln (1977), 
m&tym-
to mention only a few, which highlighted the advantages of 
this novel technique for a number of oropsf prompted the 
present investigator to study its feasibility with mustard 
on which negligible work has been done, in view of its 
importance as a source of edible oil* It was hoped that the 
data would help in selecting optimal basal doses, suitable 
varieties for local conditions, foliar spray combinations and 
the appropriate stages for spraying to obtain more economical 
yields* 
5*1 g3eoerimen%.,t 
the first eaqperiment was conducted to extend the 
preliminary work of Haqvi (1976) with mustard. It was aimed 
to find out an optimal basal fertiliser dose, under local 
conditions, for two ot the more popular varieties, viz* I*aha-tOt 
and Peeli Sarson, Of the three major nutrient Sji.e* nitrogen, 
phosphorus and potassium, more attention was paid to the 
first two nutrients than to potassium on two, grounds* First, 
supra-optimal doses of potassium do not have much 
beneficial influence on oil crops, and from the economic 
point of view also* there is not much return (Bould, 1963? 
Kaini et aj^ 1965? Gupta and Das, 1973? Stabbetorp, 1973? 
Forster, 1978 and Jain and Jain, 1979)* Secondly, the native 
potassium in the soils of jfestem Uttar Pradesh in general 
and of Aligarh in particular is sufficiently high (Table 1). 
•90"* 
As such, a recommended dose; of 40 kg K20/heetare (flag*!, 1976) 
was kept constant throughout these investigations* The 
important results of this first nitrogen and phosphorus trial 
are discussed below: 
5»1«t Fertiliser effect on yield attributes 
faking into consideration all yield characteristics* 
including seed and oil yield ( Fig#7)t treatment ^4^*40 
appeared to he superior tojthe other four (fables 9 to 14)* 
i 
It may he pointed out, however, that the number of pods p$r 
plant and seeds per pod were higher in %(^20 'aBd %0^40 
(fables 9,and 10). fhe increase in these characters with the 
higher dose of nitrogen is! not unexpected and may he due to 
the well-»established role of this nutrient In increasing the 
overall growth status oZ plants $M general* For mustard, 
similar results have been reported by Pathak ft ajj* (1963)? 
Sinha (1969) and Allen and; Morgan (1972). On the other hand, 
hecto-litre weight was found to be maximum in treatment 
^ktfko ^ab"*-e 12^# 1^ othfer words, it may be inferred that, 
though other treatments increased the number of pods per plant 
and number of seeds per pod, N ^ ^ 0 maximised the hecto-litre 
weight thereby producing heavier seeds resulting in highest 
yield. 
It may be emphasised here that* the fertiliser doses 
containing higher nitrogen not only depressed hecto-litre 
Fig.7. Effect of basal N and P doses on seed and oil yield 
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weight as noted above but also oil percentage (Fig.8). That 
nitrogen depresses hecto-lijfcre weight has been reported by 
Ma^umdar (1962), Jana (1963J) and Lahiri (1964). Several 
reports have appeared regarding the depressing effect of 
nitrogen en oil production jalso (Wind, 1944; Blackman and 
Bunting, 1951? Sinha jrt a£j[ 1962; Bhatty, 1964; Appelqvist, 
1968; Arora and Bhatia; 1970; Voskerusa, 1970; Gupta and 
Das, 1973; Scott et al; 1973 and Forster, 1978). 
Another way of looking-at these data is to compare the 
effect of the two doses of phosphorus with each other applied 
with the same dose of nitrogen. The oil content was noted 
to be about 5% higher in N^QP^Q compared with ^^oQ a s w e l 1 
as in 1%QP^ 0 compared withsN6oP20 (Table 13). This' 
enhancing effect of phosphorus seems to counter-balance the 
depressing effect of the higher dose of nitrogen on these 
characters as revealed by Table 14 concerning oil yield. It 
may be noted that, with thje lower dose of phosphorus ( P ^ Q ) * 
the results are better witjh N^0 than with Ng0# However, the 
higher dose (P^0)» which gives best results with N^Q, also 
seems to offset the depressing effect of high nitrogen, NgJP^j 
giving the next best oil Afield. Similar results have been 
obtained by Anderson and Kusch (1968). 
Fig.8. Effect of basal N and P doses on oil percentage 
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5*1*2 Varietal response 
Varietal differences, with regard to the effect of 
fertiliser doses on various?yield characters, are highlighted 
I . - • • • • " 
by fables 9 to 14* Inspitelof its popularity among orthodox 
farmers of the region, Peeli Sarson shows much less vegetative 
growth and branching (Afridi, unpublished; Singh, 1958), which 
reflects on its poor yield, j in comparison to the improved 
fcaha~101 (Fig*?), 
For most of the yield characters in the present study, 
kaha~10l proved better and, therefore, out-yielded Peeli Sarson* 
Only the number of seeds per pod was more in Peeli Sarson 
(fable 10) which could have-been facilitated by its larger pods 
being able to accomodate more ovules compared to Laha-tG1> 
However, as Laha-101 produced more pods, particularly when 
fertilised optimally (fable:9)* this drawback was more than 
compensated when final yields of seed and oil were calculated* 
fhe interaction NgQ^p x lsha-101 registered highest 
values for the seed and oil!yield* In case of the other 
variety, %g?4Q * Peeli Sarkm gave the highest values* the 
plants of Iaha-101 are bigger and produce more branches and 
demand a higher dose of nitrogen which plays a prominent role 
in enhancing its growth (Ka|umdar, $962 f Lahiri, 1964 j 
Main! et al», 1965 and Sinha^ 1969)* fhe increased seed yield 
with NgQp^Q x taha-101 may be attributed to more pods per plant 
—93*" 
produced by this interaction (fable 9)# and though this 
treatment depressed the hecto-iitre weight of the seeds 
(Table 12), it was compensirtied by increased production of 
pods, resulting Ho. highest seed and oil yield* 
It may, therefore, be concluded that in view of the 
much better performance of llaba*101, local farmers should 
be persuaded to gite up the]cultivation of Peeli Sarson 
inspite of their long-standing emotional attachment to this 
variety* • 
5*2 Experiment 2 
In this experiment, thejeffect of eight combinations of 
leaf-applied nitrogen, phosphorus and sulphur, in the presence 
of two basal doses of nitrogen and phosphorus, was studied 
on
 yie l d attributes * u^ffOt. « the t«, haeaX t r e a t s , 
one dose (%Q?20^ w a s s®*6^®^ on tk*9 basis of past experience 
(Naqyi, 1976) and the otherj ( K J ^ Q ) contained half its amount 
of nitrogen and phosphorus* f the important findings are 
discussed in the following pages: 
5.2.1 Effect of basal dogefc on yie^ a^rlbutea. 
Of the two basal treatments! the higher dose (KgQPgO^ 
proved better for the yield! of seed and oil (?lg»9)i whereas 
the hecto-Htre weight (fable 18) and oil percentage (?ig«tO) 
•ere higher at the Urf^ ifoi. The increase in seed and 
oil yield at %(^20 ^eve^ confirmed the earlier findings of 
Ftg.9. Effect of leaf-applied NtP jand S combinations 
on seed and oil yield, at two levels of basal HP. 
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Afridi et al. (1976, a) and fNaqvi (1976) and was apparently 
due to a higher production of pods per plant and seeds per 
pod in this treatment (Tables 15 and 16). It may be mentioned 
that Mainl et al. (1959), Sinha (1969), Dayanand and 
Mahapatra (1974), Perez and Mora (1975) and Aulakh et al. 
(1977), found an increase in seed yield with higher doses 
of nitrogen. Such results would be expected due to the 
general ameliorative effect of this essential raacronutrlent 
on plant growth in general.; As far as the effect of phosphorus 
is concerned, it may be pointed out that many workers have 
found doses close to 20 kg PgOe/hectare to give good results. 
Thus, Sharma (1968), Wankhede et al. (1971), Mehrotra et al. 
(1972), Dhindsa et al. (1973) and Naqvi et al. (1977) found 
20-25 kg PgOc/hectare as thJe optimum dose of this nutrient for 
mustard in the presence of nitrogen varying between 40 and 
66 kg N/hectare. 
The lower hecto-litre Weight and oil percentage in 
NgQp20 (Tables 18 and 19) indicate that the higher dose of 
nitrogen in the absence of high phosphorus depressed oil 
formation (c£,p.3i). Similar conclusions for nitrogen have 
been drawn by Sinha et al,^1962, Arora and Bhatia, 1970 and 
Mazur et al., 1977. However, despite its depressing effect 
on oil formation, the higher dose more than compensated 
for this drawback by producing more seeds (Table 16) which 
ultimately resulted in higher oil yield (Table 20). A 
-95 
similar compensating effect? of nitrogen (through higher seed 
yields) has been noted by Sptoroayor (1977)» 
5*2*2 Effect of leaf-applied nutrients on yield attributes 
A perusal of Tables 15 fend 16 gives a clear indication 
of a beneficial effect of spray of nitrogen (alone and with 
other nutrients) on pod and- seed production and, consequently, 
seed yield (Fig,9). Thus NPS, which gave highest seed yield 
also proved best for number of pods per plant and number of 
seeds per pod* 
However, the highest values for hecto-litre weight and 
oil percentage (Tables 18 arid 19) were obtained by the spray 
of PS, with that of S and of P following close behind (Fig.10). 
Almost similar findings haye been reported for oil percentage 
by Afridl et al. (1976,a) and Naqvi (1976). It is noteworthy 
in this connection that in*the present investigation, spray 
of N alone depressed oil percentage (Fig,10) and hecto-litre 
weight (Table 18) below the values for water spray. Similarly, 
the presence of N in combinations, such as NP, NS and NPS, 
also lowered the oil percentage and hecto-litre weight when 
compared with P, S or PS respectively.- These findings, in a 
way, confirm the adverse effect of high basal nitrogen dose 
noted | 
in Experiment 1/by the present author as well as by a number 
of other workers (p.3i). 
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yield 
5.2,3 Effect of Interactions (basal x foliar) on/attributes 
i -
It was noted that for most of the characters considered, 
including seed and oil yield, each spray treatment at the 
basal fertiliser dose of Ng^Ppo g a v e a ^S^er value compared 
to that given by the corresponding spray at N,QP, 0 level. 
But hecto-lltre weight and bil percentage were decreased 
significantly by the higher dose of solid fertiliser when 
considered at the same level of spray, possibly due to the 
higher nitrogen it contained. It seems that the enhancing 
effect of this higher dose on final yields, inspite of the 
depressing effect on these two characteristics, was due to 
the better overall growth and flowering resulting in more pods 
and seeds which more than compensated for the adverse effect 
noted above. 
In comparing the differences of the values for the sub 
plots at the same level of main plot, it viras noted that, at 
the lower basal fertiliser level (®*(JP<to)» seed and oil yields 
were increased most by Nps spray followed by NP and PS. 
Apparently, the fertiliser dose being sub-optimal, these 
plants developed a "hidden hunger" and responded very 
favourably to the spray of nutrients. On the other hand, at 
the higher fertiliser level ( N 6 Q P 2 0 ) » seed yield was maximum 
in spray of NPS, followed by those of NP and N alone, which 
confirms the role of nitrogen for this criterion. However, 
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oll yield was highest in spray of PS and was depressed 
f 
considerably by sprays containing nitrogen. It appears that 
these plants were adequately provided with nitrogen. Hence, 
further application of nitrogen-containing sprays lowered 
the oil yield by adversely Jaffecting oil percentage and 
hecto-litre weight as discussed earlier (pp.91and9^), 
Interestingly, it was noted that though the higher 
yields (seed as well as oil) were obtained with the higher 
basal dose i,e, %o p20 t **** p e r cen* i n c r e a s e *-n yields over 
respective controls was more in N ^ I O * This indicated that 
with a higher basal fertiliser dose, the response of leaf-
applied nutrients was less,as compared to their response with 
a lower basal fertiliser dose, A similar finding has also 
been reported by Mogilner and Orioli (1967). 
The results of this experiment commend the adoption 
of the technique of foliar spray for higher yields of 
kaha-101, best results being obtained with spray of NPS for 
seed yield at both fertiliser levels and for oil yield at the 
lower level. However, at the higher level, spray of PS 
would give maximum oil yield. Unfortunately, the main 
concern of our farmers is seed yield despite the national 
objective of increased oil; production which lays emphasis 
on final yield of oil. The farmers may, therefore, be 
persuaded to view the problem from this angle for which the 
-98-
adoption of spray of PS may be recommended. This would serve 
the dual purpose of cutting down the cost of nitrogen in the 
spray and increasing oil yield. 
5.3/4 Experiment 5 and!4 
These field experiments were planned to study the effect 
of leaf-applied nitrogen, phosphorus and sulphur, in various 
combinations, on yield and yield attributes in four mustard 
varieties, namely (1) B.R-40, (2) Laha-101, (3) T-11 and 
(4) Varuna, applying the basal dose ^CQ^UQ *"n ExP61**1116^ 3 
and a lower one (N^QP-Q) in Experiment 4. These basal doses 
were selected mainly on the basis of past experience 
(Experiment 1 and 2) wherein the following points had emerged: 
1. High dose of nltrpgen (60 kg N/hectare) is good for 
growth of Laha-10/l but requires high phosphorus 
(40 kg P^Oc/hectare) for optimum oil yield. 
2. For lower nitrogen levels (30 or 40 kg N/hectare) 
even 20 kg P205/hectare is sufficient. 
3. Among the two lower levels of nitrogen tested, 
40 kg N/hectare seemed to be better. 
Moreover, the actual optimum requirements of the 3 new 
varieties selected for these experiments (3 and 4) under 
local conditions were not known. The important results are 
discussed below: 
-9J9~ 
I 
5.3/4.1 Effect of leaf-applied nutrients on yield attributes 
• I 
In Experiment 3 (higher basal dose), the spray treatment 
PS recorded highest values for seed and oil yield, confirming 
the findings of Afridi ej aL. (1976,a) and Naqvi (1976), The 
i 
lowest values were noted {in the control, sprayed with 
water (Fig,11). The findings lead us to the following 
conclusions. First, at this level of high basal nitrogen, 
application of nitrogen-cbntaining sprays did not enhance seed 
and oil yields to the same exten* as did that of PS,' This 
deleterious effect of supra-optimal nitrogen lias been noted 
in fertiliser trials by Mazur et al. (1977) and Sotomayor (1977) 
and has already been discussed (p,90» 
Secondly, spray of PS I Increased pod number (Table 21), 
hecto-litre weight (Table |24) and oil percentage (Fig.12) 
also to the maximum in the] present study. The maximum seed 
and oil yield noted in thils treatment could, therefore, be 
due to the cumulative effect of these other yield attributes. 
Moreover, Marquard et fel. (1968), Rollier and Ferrif (1969), 
Stabbetorp (1973)» Pasrichk and Randhawa (1974) and Singh and 
Singh (I977,b) have noted 'that mustard exhibits a high 
phosphorus and sulphur requirement at later stages of growth. 
It is likely that the new Varieties used in the present 
experiment also had a similar requirement for these 
i 
macronutrients and their timely foliar application fulfilled 
that need. 
Fig,11, Effect of leaf-applied N,R and S combinations 
on seed and oil yield (Basal dose - N ^ ) 
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By contrast, in Experiment 4, with the lower basal dose 
of N.
 0
P20* - a^ £°H-aT treatments containing nitrogen (HS, 
NP and NFS) gave higher seed and oil yield compared to the 
spray * PS < » « . , 3 > . i * l « U * * * r ^ e n t « 
nitrogen for these (starved ?) plants. The contributing 
factor seems to be pod number per plant (fable 27). It may 
be mentioned that, although spray of PS enhanced hecto-litre 
weight (Table 30) and oil percentage (Fig, 14) more than the 
nitrogen-containing sprays | confirming the results of 
Experiment 2), the higher number of pods per plant and total 
seed yield in plants receiving nitrogen-containing sprays 
more than compensated for this drawback when oil yield was 
calculated (Fig,13). 
It seems that, at the comparatively low level of basal 
nitrogen applied, the plants lacked this nutrient 
particularly as they grew older. Sprays containing nitrogen 
helped ameliorate this condition and gave better seed yield. 
Similar conclusions have been drawn in fertiliser trials by 
other workers (Arora and Bhatia, 1970; Henry and Macdonald, 
1978 and Jain and Jain, 1979). The maximum yield response 
to HS also seems understandable as sulphur plays an equally 
Important role in the over all yield of seed and oil 
(Roller and Ferrif, 1969} Vdrmani and Gulatlf 1971 and Aulakh 
et al,, 1977)* 
Pig.13# Effect ot leaf-applied N»P and S combinations 
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To summarise the results of foliar sprays in Experiment 3 
and 4, it may be added that the degree of increase due to 
sprays was more pronounced; -with the lower basal dose (^J^^Q) 
than with the higher one (^50^40)* This confirmed the earlier 
findings ^ withLaha-101 (Experiment 2, p.97). 
5.3A»2 Varietal response! 
In Experiment 3 with the higher basal dose (^(^I^Q)* 
variety $-11 gave the highbst seed and oil yield, followed by 
Varuna (Fig.11), Varietal differences regarding effect on 
various yield attributes were significant. 
Regarding the effect of treatment x variety interaction, 
NP x T-11 and NS x T-11 proved the best combination for seed 
and oil yield, indicating a high nitrogen requirement for this 
variety particularly for seed yield. For the other varieties, 
phosphorus-containing sprays proved better with Varuna and 
Laha-101, PS giving the highest values confirming the earlier 
findings (p.955 and those bf Naqvi (1976) and Maqvi ej al.(l977). 
However, sulphur-containing sprays proved superior for 
variety B.R-40, Inspite of theese differential responses of 
varieties to various treatments, one common trend noted was 
that PS increased hecto-lijtre weight and oil percentage most 
in all varieties (like thefeffect noted for Laha-101 in 
Experiment 2, p.95). : 
At the lower basal fertiliser level (N^QPPQ) ^ Exl>®rimen'fc 
4, variety Varuna gave thel highest values for all yield 
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attributing characters. It was, therefore, no surprise that 
this variety finally out-yielded the others (Fig,13). 
It may, therefore, be Concluded that,among the varieties 
tested, Varuna may be recommended to farmers for cultivation 
under conditions of constraints on fertiliser application. 
In this experiment, the best combination of treatment x 
variety interaction for yields was NS x Varuna followed by 
NP x Varuna and NPS x Varuna. In fact, the remaining 
varieties also generally interacted better with nitrogen-
containing sprays than with the spray of PS at this lower 
level of basal fertiliser C ^ Q ^ C P * tilus c o n^ i r m i nS *h©' 
universal requirement of niftrogen to maintain growth and yield. 
An interesting observation in both these experiments is 
the much better effect of the interaction water x Varuna, 
particularly for seed and oil yield, compared to the effect 
other 
of the interaction of spray of water with each of the/three 
varieties. , This is in line; with the results of the simple 
fertiliser trial in Experiment 6 (Tables 41 and 44) which 
included three of the varieties growiiin Experiment 3 and 4. 
It may, therefore, be concluded that Varuna should be preferred 
to B.R-40, Laha-101 and T-111 when recommending varieties for 
cultivation to those farmers who have no access to spray 
equipment. 
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5.5 Experiment 5 
this field experiment was conducted to establish,the best 
combination of growth stages for foliar fertilisation with 
nitrogen, phosphorus and s&lphur (in various combinations) with 
regard to the yield and yield attributing characteristics of 
Laha-101. The basal dose (%QP2Q) w a s selected: on the basis 
of the results of Experiment 2 performed with the same variety. 
The results obtained in this investigation are discussed belo%tf: 
5.5#1 Effect of foliar sprays on yield attributes 
Fig* 15 Indicates that nitrogen-containing sprays gave 
better results for seed yield than the spray of PS (Table 35)• 
This appears to be the result of the cumulative effect of these 
sprays on pod and seed number (Tables 33 and 34), This enhancing 
effect of nitrogen on the growth and pod and seed production 
generally agrees with data of Experiment 2 (p. 35), Similar 
reports of enhacing effects of nitrogen on seed yield have been 
published by Pathak et al» (1963), Sinha (1969), Allen and 
Morgan (1972) and Mazur et ,al. (1977), on the basis of basal 
fertiliser experiments. 
Regarding oil yield (Fig, 15), however, spray of PS proved 
best through its superior effect on hecto-litre weight (Table 36) 
and oil percentage (Fig. 16). This indicates the positive 
role played by phosphorus and sulphur in the formation of oil. 
XH* 1* Effect of leaf-applied NtP and S Fis
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Similar results have been reported earlier by Haqvi (1976) 
and Naqvi et al, (1977) and by the present author in 
Experiment 2 (p*9!))# Further support is provided by the 
findings of fertiliser trials conducted by a number of workers 
(Bose, 1957; Marouard et al,, 1968; Eollier and Ferrif, 1969} 
Virmani and Gulati, 1971 and Osborne and Batten, 1978), 
5.5*2 Effect of time of spray on yield attributes 
The data provide two sets of observations with regard to 
the effect of time of spray (growth stages) on various yield 
characteristics studied. First, pod and seed production was 
enhanced more in spray combinations incorporating the 50 days 
stage. However, seed yield did not show this trend, possibly 
due to lower hecto-litre weight in these combinations. 
Secondly, for oil yield, sprays at 70 & 90 days proved best 
followed by those at 50 & 70 days (Fig,15). This trend was 
also exhibited for seed yield (Fig.15), hecto~litre weight 
(Table 36) and oil percentage (Fig. 16) which contribute 
towards final oil yield. It appears that, as the crop grows, 
it requires supplemental nutrient supply to keep up normal 
growth, as the soil becomes more and more depleted of the 
essential nutrients due to various reasons. Moreover, with 
the advent of flowering at about 70 days, this demand for 
nutrient supply becomes more pronounced not only for the 
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enhanced metabolic activity leading tovthe production of flowers 
and fruits but also for the grain filling process. Foliar 
spray of nutrients at this crucial stage of growth results in 
higher yields in many crops, including mustard (Afridl and 
Wasiuddln, 1977)* Fertiliser trials with mustard by Sinha and 
Aggarwal (1963), Marquard et aj., (1968), Rollier and Ferrif 
(1969) and Rollier (1970,a) have also indicated a need for 
these nutrients at later stages of growth. 
Regarding the interaction effect, the data revealed that, 
for hecto-lltre weight, oil percentage and oil yield, the 
interaction PS x (70 & 90 days) proved best. It indicates a 
higher requirement of phosphorus and sulphur at later stages of 
growth which explains the better effectiveness of combined 
spray of these nutrients. It Is understandable because of the 
important role these nutrients play in flowering, seed 
development and oil formation. Similar reports of increased 
oil yields with phosphorus and sulphur have been published by 
Sen and Sarkar (1958), Pasrlcha and Randhawa (1974), Singh 
and Singh (1977,a) and Osborne and Batten (1978). 
For seed yield, however, NPS x (50 & 70 days) proved best 
followed by MPS x (70 & 90 days). In addition, other nitrogen-
containing sprays at various stages also gave high values 
indicating a role for nitrogen in seed production 
(see also p. 95 )« 
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5.6 Experiment 6 
The last field experiment was conducted to study the 
response of ten newly evolved varieties of mustard to two 
basal fertiliser levels (NgQ^^o and N ^ Q P 2 0 ) * These doses 
wereCh0sen on the basis of the results of Experiment 3 and 4 
in which three of these varieties had been tested. The 
important findings regarding yield and its attributing 
characteristics are discussed below* 
5.6,1 Effect of basal doses on yield attributes 
The findings of this experiment, regarding the effect of 
basal doses on various yield attributes, confirm the findings 
in earlier experiments. The higher basal dose ( % Q ? 4 Q ) 
gave higher values for seed yield and oil yield (Fig.17)* 
However, hecto-litre weight (Table 42) and oil percentage 
(Fig. 18) were higher in N^QP^Q* The increase in seed and oil 
yield noted with N6QI>40 was due to the cumulative effect of 
higher pod and seed production by this treatment (Tables 39 
and 40). Being richer in both nitrogen and phosphorus, it 
helped the crop to attain a better growth status thereby 
producing more pods and seeds. It, however, depressed the oil 
percentage, consequently lowering the hecto-litre weight. 
Both these observations i.e. positive effect of nitrogen and 
phosphorus on seed yield and depressing effect of nitrogen on 
Fig.17. Seed and oil yield in ten mustard 
varieties at two levels of basal NP* 
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oil formation have been noted repeatedly in the present 
investigation and have also been reported by a number of 
workers mentioned elsewhere (pp. 91,94). 
5.6.2 Varietal response 
For most of the characters considered^particularly seed 
and oil yield (Fig.17), variety R.L-18 registered highest 
values and emerged as the best responding variety, followed 
by T~16 and Varuna (Tables 39 to 44). Though higher hecto-
litre weight (Table 42) and oil percentage (Fig.18) was 
noted in Varuna, its failure to give maximum seed and oil 
yields (Tables 41 and 44) put it in a rank inferior to R.L-18. 
It may also be mentioned that varieties B-85 and Appressed 
Mutant proved very low yielders under local conditions mainly 
due to poor pod and seed production and may be deleted when 
finalising the list of recommended varieties for this region. 
5.6.3 Effect of interaction (fertiliser x variety) 
It was found that all the varieties gave higher values at 
^60^40 i e v e l £or a 1 1 t h e characters considered, except hecto-
litre weight and oil percentage for which N^QP^Q recorded 
highest values, confirming the earlier results (Experiments 
3 and 4 which included varieties B.R-40, T-11 and Varuna). 
Here, ^£Q^UQ X R»L-18 and N^QP^Q X Varuna gave highest values 
for seed and oil yield due to better pod and seed production. 
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When the interaction of lower level of fertiliser with the 
varieties was considered, *% 0P 2 0 X R» L*' 1 8 proved best for seed 
and oil yield, followed by N 4 Q P 2 0 X ^ " 1 ^ » m account of higher 
number of pods and seeds. 
Lastly, two other interesting points also emerge from a 
perusal of the yield data of this field trial (Tables 41 and 44), 
First, R.L»18 proved the highest yielder at both fertiliser 
levels but, inspite of its slightly better seed yield at the 
higher level of basal fertiliser, its oil yield did not show 
any increase* This variety may, therefore, be recommended for 
sowing at the lower level* Another variety that also falls 
in this category is T*t6. Secondly, B.R-40, T-11 and Varuna 
gave normal yields only at the higher fertiliser level and 
cannot be grown profitably at the lower level. 
5.7 Concluding remarks 
Basal on the facts regarding the oilseed situation in this 
country, as mentioned in Chapter 1, the present investigation 
was undertaken to help improve the situation utilising the 
meagre resources at hand. The stress was laid on increasing 
the seed and oil yield, mainly by using the technique of foliar 
spray. The results were found to be very encouraging. First, 
it was noted that foliar application of nutrients at proper 
stages of growth boosted the oil yield by as much as &5 per cent 
over control. More important is the fact that increments of 
-109-
such magnitude were obtained with sprays comprising of very 
small doses of phosphorus and sulphur { 2 kg each of P20_ and 
S/hectare), which may be recommended particularly when applied 
basal fertiliser dose contains adequate nitrogen. 
Secondly, spray of nitrogen at 20 kg N/hectare generally 
enhanced seed yield by increasing pod number per plant and 
seed number per pod. However, it decreased hecto-litre weight 
and oil percentage, thereby lowering oil yields, particularly 
in cases where enhanced seed yield failed to counter-balance 
this depressing effect. 
Thirdly, the per cent increase over control at the lower basal 
level was much more than that at the higher level, indicating 
the superiority of foliar spray at the lower level. Farmers 
compelled to apply sub-optimal doses, either due to lack of 
funds or under dry land conditions may* therefore, benefit by 
adopting spray technique. 
Lastly, sprays were found to be more effective when applied 
late (particularly at 70 and 90 days after sowing). At these 
stages of flower and fruit formation, the crop generally 
suffers most by heavy aphid infestation, necessitating repeated 
insecticidal sprays. The nutrients would thus get a "free ride" 
with the insecticide minimising operational costs. 
5.8, Proposed future work 
It is evident from the foregoing that a number of problems 
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related to the mineral nutrition of mustard have been 
successfully solved as a result of the present investigation. 
However, several new proposals emerge to complete the picture. 
These are summarised below; 
Realising the significance of such agronomic factors as 
date of sowing, plant density, frequency of irrigation, etc. 
it is felt logical that after having completed fertiliser 
trials on the ten new varieties, a study of these variables 
should also be undertaken which is expected to be highly 
rewarding from the academic as well as commercial point of 
view. 
In addition, more foliar fertilisation trials should be 
laid out, particularly for varieties giving better performance. 
In view of the depressing effect of 20 kg N/hectare in the 
spray on oil yield, trials with lower doses of N in the spray 
may also be undertaken to find the optimum'dose of this nutrient. 
The various results obtained with spray of nitrogen, 
phosphorus and sulphur could be understood better if the 
nutrient status of the plant before and after the application 
of foliar spray was known. This could be achieved by leaf 
analysis and use of isotopes. 
The present study with foliar sprays on mustard has 
yielded encouraging results. It is, therefore, proposed also 
to extend it to include other oilseeds, like sunflower, 
groundnut and soyabean, which constitute equally important 
sources of edible oil. 
CHAPTER - 6 
\ 
SUMMARY 
The significance of the problem has been briefly considered• 
In view of the lacunae in our knowledge of the problem, 
justification has been put forward for undertaking the present 
research (Chapter 1). 
The early history of mineral nutrition, and nomenclature, 
uses anA fertiliser requirements of mustard have been 
reviewed (Chapter 2 ) . 
The details of the materials and methods employed for the 
six field experiments have been given. These have been 
supported by meteorological and edaphic data (Chapter 3). 
The results obtained, which were mostly found to be 
statistically significant (Chapter 4) , are summarised belows 
In Experiment 1 (1976*77), laid according to factorial 
randomised block design, the effect of five combinations of 
basal nitrogen and phosphorus was studied on yield and yield 
attributing characters of two locally popular mustard varieties, 
Laha-101 and Peeli Sarson, A basal dose of 40 kg KgO/hectare 
was kept constant in all the treatments. 
Application of fertiliser nitrogen and phosphorus 
favourably affected all yield characteristics. The combination 
^0^40 P5*0"^ optimum, followed by WQQV^Q* 
The variety Laha-101 performed better with respect to most 
of the yield characteristics and significantly out-yielded 
Peeli Sarson. 
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The values recorded for most of the treatment x variety 
Interaction effects differed critically from each other with 
the no*fertiliser controls giving the lowest values for all 
the characters in both varieties. The interaction- N^QP^Q X 
Laha-101 (equalled by NggP^Q x Laha-101) proved best for 
number of pods per plant. For the number of seeds per pod, 
N4()3?20 x Peeli Sarson and NgQPoo X Peeli Sarson proved best. 
The interaction N^JP^Q X Laha-101 registered highest values 
for the seed and oil yield* 
In Experiment 2 (1976-77), laid according to split plot 
design, the effect of eight leaf-applied nitrogen, phosphorus 
and sulphur combinations ( sub plot treatments ) in the presence 
of two basal doses of nitrogen and phosphorus ( main plot 
treatments ) was studied on yield and yield attributes of 
Laha-101. A basal dose of 4(D kg KgO/hectare was kept constant 
in all the treatments. 
The basal treatment ^ct^po P r o v e d ^est f o r number of pods 
per plant, number of seeds per pod, seed yield and oil yield* 
However, in case of oil percentage and hecto-litre weight the 
treatment N-JP.Q gave highest values. 
The spray treatment PS gave highest values for hecto-litre 
weight, oil percentage and oil yield. However, for number of 
seeds per pod, NP (equalled by NS, NPS and N) and for number 
of pods per plant and seed yield, NPS proved best. 
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Considering interaction effects, each spray treatment x 
NgQp20 gave higher value than the corresponding spray treatment x 
At U 6 0P 2 0 level, spray of WS gave highest value for pods 
per plant and seed yield, PS proved best for hecto-lltre weight, 
oil percentage and oil yield whereas NP registered highest 
value for the number of seeds per pod. At ^ i 0 level, the 
spray of J3PS proved best in case of seeds per pod, seed yield 
and oil yield, PS gave highest values for the hecto-litre weight 
and oil percentage whereas the number of pods per plant was 
highest with MS, 
At both the basal fertiliser levels* hecto-litre weight 
and oil percentage were lowest in the spray of N, 
Experiment 3 (1977-78), was laid according to factorial 
randomised block design. The object was to study the effect 
of five combinations of leaf-applied nitrogen, phosphorus and 
sulphur on yield and yield attributing characters of four 
selected varieties of mustard (B,R«40f Laha-101, T-t! and Varuna). 
A basal dose of 60 kg N, 40 kg PgO^ and 40 kg KgO/hectare was 
kept constant in all treatments. The following inferences 
were drawn from this experiments 
Foliar application of PS gave highest values for pods per 
plant, seed yield, hecto-litre weight, oil percentage and oil 
yield. However» the number of seeds per pod wars maximum with 
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The variety Varuna proved best with respect to pods per plant, 
hecto-litre weight and oil percentage. The maximum values for 
seed yield and oil yield were given by T-11 whereas that for 
seeds per pod was maximum in Laha-101. 
The interaction PS x Varuna gave highest values for pods per 
plant, hecto-lltre weight, oil percentage and oil yield. However, 
for seed yield, the interactions NP x T-11 and NS x T-11 recorded 
highest values. 
Experiment 4 (1977-78) was similar to Experiment 3 except 
for the basal dose consisting of lower levels of nitrogen and 
phosphorus (40 kg N, 20 kg P ? ^ wi'fcl1 ^ ° kg KgO/hectare). The 
gist of the findings is as follows! 
The treatment NB gave highest seed and oil yields, PS gave 
maximum hecto-lltre weight and oil percentage whereas pods per 
plant were maximum with HP. 
The variety Varuna again gave maximum values for all the 
characters considered* It was followed by laha-101, B.R-40 and 
T-11, in that order* 
The interaction NS x Varuna registered highest values for 
pods per plant, seed yield and oil yield. PS x Varuna recorded 
maximum values for hecto-litre weight and oil percentage. 
In Experiment 5 (1978*79) on Laha-101, laid according to 
factorial randomised block design, the treatments consisted of 
the same five foliar combinations of nitrogen, phosphorus and 
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sulphur as in Experiments 3 and 4. graying was however, done 
either at 50 and 70, 50 and 90 or 70 and 90 days after sowing* 
A basal dose of 60 kg N, 20 kg P20- and 40 kg KgG/hectare was 
given uniformly to all plots*' The results may be summarised 
as followss 
The spray treatment PS proved best, giving highest values 
for hecto-litre weight, oil percentage and oil yield, followed 
by MPS which gave maximum values for pods per plant, seeds per 
pod and seed yield. 
The sprays at 70 and 90 days after sowing were more effective 
as compared to other combinations, in case of hecto-litre weight, 
oil percentage and seed and oil yield. However, the number of 
pods per plant and of seeds per pod was highest in the 50 and 
70 days spray* 
The Interaction PS x (70 & 90 days) gave maximum values for 
hecto-litre weight, oil percentage and oil yield* The highest 
number of pods per plant was found in PS x (50 & 70 days)* 
However, the highest seed yield was noted in MPS x (50 & 70 days). 
Experiment 6 (1978-79) was laid according to split plot design 
to study the response of ten improved varieties of mustard to 
two selected combinations of basal nitrogen and phosphorus in 
the presence of a constant dose of potash (40 kg KgO/hectare). 
This field trial provided the following information! 
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The basal treatment ^0^*40 g a v e *&&** values for pods per 
plant, seeds per pod, seed yield and oil yield. In case of hecto-
litre weight and oil percentage, the highest values were recorded 
with N 4 0P 2 0. 
The variety R.L-18, followed by T-16 and Varuna, proved best 
with respect to pods per plant, seeds per pod and seed and oil 
yield, whereas Varuna gave highest values for hecto-litre weight 
and oil percentage. 
At n6QP^ level of basal fertiliser, variety R.L-18 
recorded highest values for pods per plant, seeds per pod and 
seed and oil yield. Six of the ten varieties, including R,L-18, 
T-16 and Varuna, gave equally high values for hecto-litre weight 
and oil percentage. At N^QP^^ level also, R,L-18 proved best 
with respect to pods per plant, seeds per pod and seed and oil 
yield. However, the maximum values for hecto-litre weight and 
oil percentage were Recorded in Varuna. 
To sum up the findings of these six field experiments, the 
following generalisations may be made; 
Foliar fertilisation of the crop was found to be very 
encouraging and, with small doses of nutrients, particularly 
phosphorus and sulphur, applied by spray, increments in yield 
attributes and yields of significant magnitude were obtained. 
When adequate nitrogen was given through soil, a combined spray 
2, 
of kg each of P«0R and S proved best for final yields. Nitrogen-
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containlng sprays enhanced seed yield by increasing pod and 
seed number but decreased oil percentage and consequently hecto-
litre weight. 
It was further noted that the degree of response of foliar 
sprays was much higher in the crop grown with the lower fertiliser 
dose than when it was adequate. This indicates that, for the 
farmers of dry.land areas or for those unable to apply recommended 
doses of basal fertiliser due to economic or other constraints, 
foliar fertilisation would considerably enhance yields. 
Lastly, it was found that foliar sprays at later growth 
stages were more effective. Sprays at 70 and 90 days may, 
therefore, be recommended for optimum yields. These could 
conveniently include an insecticide for aphid control which is 
generally a problem at these stages. 
The significance of the data has been discussed in the 
light of the findings of other reseachers on mustard. Suggestions 
for future lines of work have also been given (Chapter 5). 
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